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Abstract
Citation: Nageswara Rao, R.C., and Subrahmanyam, P. (eds.). 1992. Proceedings o f the F i f t h Regional
Groundnut Workshop for Southern A f r i c a , 9 -12 M a r 1992, L i l o n g w e , M a l a w i . ( In En. Summaries in Pt.) .
Patancheru, A.P. 502 324: Internat ional Crops Research Insti tute for the S e m i - A r i d Trop ics . 138 pp. I S B N
92-9066-234-4 . C P E 079.
Eighteen scientists represent ing nat ional programs and agr icu l tura l universi t ies in the Southern A f r i c a n
Development Coord inat ion Conference ( S A D C C ) reg ion par t ic ipated in this regional workshop. A n g o l a and
Lesotho were the on ly countr ies of the region not represented. A l s o par t ic ipat ing were f ive groundnut scientists
f rom four other A f r i c a n countr ies (Eth iop ia , Kenya, N ige r ia , and Uganda) , representatives f rom the Southern
A f r i c a n Centre for Cooperat ion in Agr i cu l tu ra l Research and T ra i n i ng ( S A C C A R ) and Deutsche Gesel lschaft fur
Technische Zusammenarbei t ( G T Z ) , and 10 I C R I S A T delegates. Papers rev iewed var ious aspects of groundnut
research, par t icu lar ly agronomy and phys io logy . Count ry reports summar ized the state of groundnut research in
each count ry represented. The recommendat ions made at the Workshop ' s plenary session prov ide valuable
guidel ines for regional project act iv i t ies.
Resumo
Ana is da Qu in ta conferencia reg iona l de amendo im p a r a a A f r i c a Aust ra l , 9-12 de Ma rco de 1992, L i l ongwe ,
M a l a w i . Dezo i to cientistas represeniando programas nacionais e univercidades de agr icul tura de regiao da
Conferencia de coordenacao para o descnvolv imento da A f r i c a Austral ( S A D C C ) par t ic iparam na Conferencia
Reg iona l . A n g o l a e Lesotho sao os unicos paises que nao est iveram representados. Tambem par t ic iparam c inco
cientistas provenientes de outros peises Af r i canos (Eth iop ia , Kenya , N iger ia e Uganda) representantes prove-
nientes de centro de cooperacao, investigacao e t reino para A f r i c a Austral ( S A C C A R ) . Deutsche Gesellschaft fur
Technische Zusammenarbe i l ( G T Z ) e 10 delegados de ICRISAT . Os art igos reexani inaram var ios aspectos
agronomicos e f is io logicos de investigacao de amendo im. Os relator ios sumar izaram o estado de investigacao de
amendo im de cada pais representado. As recomendacoes feitas na sessao plenaria da conferencia fornecem
i n d i c a o e s val idas para as act ividades dos projectos regionais.
Proceedings of the
Fifth Regional Groundnut Workshop
for Southern Africa
9-12 M a r c h 1992
Lilongwe, Malawi
Edited by
R.C. Nageswara Rao
and
P. Subrahmanyam
International Crops Research Institute for the Semi-Arid Tropics
Patancheru, Andhra Pradesh 502 324, India
1992
ICRISAT
Portuguese Translation
P.A. Chagua la
M J . F re i re
The Internat ional Crops Research Institute for the S e m i - A r i d Trop ics is a nonprof i t , scient i f ic, research and t ra in ing insti tute
rece iv ing support f r o m donors through the Consul tat ive Group on Internat ional Ag r i cu l tu ra l Research. Donors to I C R I S A T
include governments and agencies o f Austra l ia , Be lg i um, Canada, Ch ina , F in land , France, Ge rmany , Ind ia , I ta ly , Japan, Korea ,
M e x i c o , Nether lands, N ige r i a , N o r w a y , Sweden, Swi tzer land, Uni ted K i n g d o m , Uni ted States o f A m e r i c a , and the f o l l o w i n g
internat ional and pr ivate organizat ions: A f r i c a n Development Bank , Agr i cu l tu ra l Un ivers i t y o f Wagen ingen, As ian Deve lop-
ment Bank , Deutsche Gesel lschaft fur Technische Zusammenarbei t ( G T Z ) , Internat ional Board for Plant Genet ic Resources,
Internat ional Development Research Centre, Internat ional Fer t i l izer Deve lopment Center, Internat ional Fund for Ag r i cu l t u ra l
Deve lopment , Internat ional Fund for Agr i cu l tu ra l Research, The European Economic C o m m u n i t y , The Opec Fund for In terna-
t ional Deve lopment , The Rockefe l ler Foundat ion, The Wor l d Bank, Uni ted Nat ions Development Programme, Un ivers i t y o f
Arkansas, Un ive rs i t y o f Georg ia , Un ivers i ty o f Hamburg , and Un ivers i ty o f Hohenhe im. In fo rmat ion and conclusions in this
pub l ica t ion do not necessari ly reflect the posi t ion of the aforement ioned governments, agencies, and internat ional and pr ivate
organizat ions.
T h e op in ions in this publ icat ion are those of the authors and not necessari ly those of I C R I S A T . The designat ions employed and
the presentat ion of the mater ia l in this publ icat ion do not imp ly the expression of any op in ion whatsoever on the part of
I C R I S A T concern ing the legal status of any count ry , te r r i to ry , c i ty , or area, or of its author i t ies, or concern ing the de l im i ta t ion
of its f ront iers or boundar ies. Where trade names are used this does not consti tute endorsement of or d i sc r im ina t ion against any
product by the Inst i tute.
Copy r i gh t @ 1992 by the Internat ional Crops Research Insti tute for the S e m i - A r i d Trop ics ( I C R I S A T ) .
A l l r ights reserved. Except for quotat ions of short passages for the purposes of c r i t i c i sm and rev iew, no part o f this pub l ica t ion
may be reproduced, stored in ret r ieval systems, or t ransmit ted, in any f o r m or by any means, e lectronic, mechan ica l ,
pho tocopy ing , reco rd ing , or o therwise , w i thout p r i o r permiss ion o f I C R I S A T . I t i s hoped that this Copy r i gh t declarat ion w i l l
not d im in i sh the bona f ide use of its research f indings in agr icu l tura l research and development in or for the t ropics.
ISBN 92-9066-234-4
C o n t e n t s 
In t roductory Remarks
Welcome f r o m I C R I S A T
S A C C A R Representat ive 's Address
G T Z Representat ive's Address
Open ing Address
Physiology
Physio log ica l Mode l s and A g r o n o m i c Data A p p l i e d to
Exper imenta l Ana lys is and Interpretat ion
The Potential o f Runner Groundnuts to Decrease " P o p s "
and Increase Y ie lds in L o w - i n p u t F a r m i n g Systems
Inf luence o f So i l Type on Adapta t ion o f Groundnut Genotypes
G . S c h m i d t v i i
J . G . R y a n i x
C.T. Nkwanyana x 
M . Bosch x i i
F . K a n g a u d e x i i i
B.J. N d u n g u r u , J . H . W i l l i ams , 3 
R.D. Stern, and B.R. N ta re
U. H a r t m o n d , J . H . W i l l i ams , 9 
B J . N d u n g u r u , and F . L e n t
R.C. Nageswara Rao, 15
L J . Reddy, and S.N. N i g a m
Adugna Wakj i ra 21
J .W. K i m w a k i and J.W. I rungu 25
N.E. Ny i renda , T.J. Cusack, 29
and V.W. Saka
D.J .M. Mara i s 35
P.E. O l o r u n j u 39
and S.M. M i s a r i
M.V. Mkhon ta 43
and Z . I . M a m b a
K.P. Sibuga, E . M . K a f i r i t i , 47
and F.F. M w e n d a
M.B . Syamasonta 53
B . M p o f u 5 7
Country Reports
Ethiopia : Per formance o f E l i te Groundnu t Variet ies in Eth iop ia
Kenya : Groundnu t Produc t ion and Research in Eastern Kenya
Malawi: Groundnut A g r o n o m y Research in M a l a w i : Past
Achievements and Future Pr ior i t ies
Namibia : Groundnut Product ion and Research in Nam ib ia
Nigeria : Groundnut B reed ing in N ige r i a : Past and Present
Achievements
Swaziland : A Rev iew o f Groundnut Product ion and Research
in Swaz i land
Tanzania : A Rev iew o f Groundnut A g r o n o m y in Tanzania:
Current Status and Ex i s t i ng Gaps
Zambia : Groundnu t Product ion and Research in Zamb ia
Zimbabwe : A g r o n o m y Research on Groundnut in Z i m b a b w e :
A Rev iew
Location-Specific Research
Y i e l d and Qua l i t y o f Groundnut Hay f r om a Commerc ia l
C r o p i n Z i m b a b w e
"Pops " Screening in Groundnut
Regional Screening o f Groundnut Germplasm for Late Lea f
Spot and Rust Resistance in Swaz i land
Effect o f Sow ing T i m e on Groundnut Y i e l d i n Botswana
Response of Groundnut Cul t ivars to Drough t Stress
at Namulonge Research Station
Production Methods and Farming Systems
Groundnut in the Fa rm ing System: A Case Study in
Sal ima Agr icu l tu ra l Development D i v i s i o n , M a l a w i
Investigations of Cu l t iva t ion Systems and Cul tura l
Methods of Weed Contro l
Effects o f Improved Technology on Groundnut Y i e l d and
Probable Adop t i on Impl icat ions for the Farmer
Effect of Cul tura l Practices on Diseases of Groundnut
A Mode l for O n - f a r m Research to Improve Groundnut
Product ion
Z A . Chi teka
M.B . Syamasonta
D M . Earnshaw and Y.P. Rao
A. Mayeux
C M . Busolo-Bulafu
T J . Cusack and N.E. Ny i renda
D . D . Singa
K. Kanenga
P. Subrahmanyam,
J . Kanna i yan , D.L . Cole,
V.W. Saka, Y.P. Rao,
and M . G . M p i r i
D . M c D o n a l d , C .L .L . Gowda ,
and D .G . Par is
M M . Anders, M.V. Potdar ,
P. Pathak, and K.B. La ryea
J M . E l iseu and M J . Fre i re
G. Schmidt
63
67
71
75
81
85
89
93
97
105
111
121
125
131
133
135
Ongo ing Product ion Agronomy Studies w i t h Groundnut
at I C R I S A T Center
Ef fect of Plant Densi ty and Sow ing Pattern on the Y i e l d
of a Groundnut /Ma ize Intercrop
Combined In tercropping and Crop Rotat ion Tr ia ls
at Chi tedze Agr i cu l tu ra l Research Station
Appendices
Recommendat ions
Fie ld Vis i ts
Participants
Introductory Remarks
The Representat ive o f the Southern A f r i c a n Centre for Cooperat ion in Ag r i cu l t u ra l Research and T r a i n i n g
( S A C C A R ) and the Technica l Desk Of f icer , G e r m a n Agency for Technica l Cooperat ion ( G T Z ) , honorable
delegates and par t ic ipants, col leagues, ladies and gent lemen.
I t is a great pleasure for me to we lcome y o u to th is F i f t h Regiona l Groundnu t W o r k s h o p fo r Southern A f r i c a ,
Th is b iannual wo rkshop has become an impor tant occasion fo r groundnut scientists f r o m bo th the S A D C C
reg ion and elsewhere. We have s l igh t ly al tered the nature of this year 's meet ing. Whereas the prev ious w o r k -
shops were mu l t i d i sc ip l i na ry , this year we have dec ided to focus on agronomy.
T h e S A D C C / I C R I S A T Groundnut Pro ject has been very strong in b reed ing and patho logy since its o r i g i n in
1982. The agronomy o f groundnut , w h i c h is de termined by d ivergent env i ronmenta l cond i t ions in var ious
agroc l imat ic zones in southern A f r i c a , was in i t i a l l y undertaken by the nat ional programs.
An overv iew o f the impor tant research results f r o m the S A D C C countr ies over the last 10years was presented
by Mr A . Z . Ch i teka in November 1991 at the Second Internat ional Groundnut Conference at I C R I S A T Center,
Ind ia . D u r i n g this wo rkshop , delegates f r o m each S A D C C count ry represented w i l l g ive deta i led reports o f the
cumula t ive agronomic research results, i nc lud ing those obta ined du r i ng co lon ia l t imes, since many of these are
st i l l appl icable. Soi ls and c l imate have not changed to any great extent and very o l d cu l t i vars are s t i l l g r o w n in
some countr ies.
Convent ional agr icu l tura l research (such as exper imentat ion w i t h plant densi ty, date and depth of sow ing ,
fer t i l i zer requi rements, and weeding) has been conducted intensely throughout the reg ion . Do we s t i l l need such
exper iments? I th ink so, and perhaps on more than a mere maintenance level .
We are al l concerned about the catastrophic drought present ly a f f l i c t ing many S A D C C countr ies, especia l ly
the southernmost ones. For tunate ly , groundnut is less subject to long d r y spells than maize , and thus contr ibutes
to stabi l i ty in f a r m produc t ion . Of ten fa i r l y d r y years are the best in terms of y i e ld and qua l i t y . Th i s year,
however, the drought is par t i cu la r ly severe and a l l crops are affected.
W i t h regard to research needs, we must put the question whether there are st i l l possib i l i t ies of increased y i e l d
stabi l i ty in d r y seasons. W h i l e breeders select for drought resistance, agronomists can determine op t ima l p lant
density for d r y years and assess possib i l i t ies for increased soi l mois ture conservat ion. A modest harvest in a 
season w i t h catastrophic drought may in some respects be more valuable than a surplus in a good year. Recent ly ,
I saw l ow groundnut populat ions (40 000 plants ha - 1) su rv i v i ng on sand in Mapu to wh i l e crops w i t h no rma l p lant
densi ty had al ready co l lapsed. Bo th plant densi ty and row distances may be of importance. The d i f f i cu l t y is that
i f we do not systematical ly repeat the same type of exper iments year after year, we w i l l be unable to cover the
var iat ions in weather condi t ions and assess their inf luence. The great var iab i l i t y in the weather in southern A f r i c a
is a very comp l i ca t ing factor in agronomic research.
A n y approach that neglects compan ion crops in a c ropp ing system are inadequate when i t comes to research
on fe r t i l i zer requirements. N o r m a l l y , groundnut does not respond to n i t rogen fer t i l i zer and responds to phos-
phates on l y on phosphorus-def ic ient soi ls. I t is therefore economica l ly advantageous to concentrate expendi tures
on the h igh l y responsive maize p reced ing groundnut in order to secure an immediate re turn of the expendi tures.
A fu l l g roundnut harvest can then be obta ined f r o m a c rop wh i ch rel ies ent i re ly on residual phosphorus f r o m the
preced ing maize c rop . Fer t i l i ze r exper iments must inc lude who le c ropp ing systems to have any relevance fo r the
farmers . Results o f fe r t i l i zer exper iments appl icable to farmers* f ie lds can be obtained on ly i f two addi t iona l
condi t ions are met.
F i rs t , exper iments on research stations must be permanent and sites must not be changed fo r as many years as
possible. l have been at Chi tedze for l i t t le more than 2 years. In a crop succession exper iment , maize y ie lds were
as h igh as 11 t ha - 1 w i thou t any fe r t i l i zer appl icat ion. Th is maize re l ied on huge quant i t ies of residual fe r t i l i zer
accumulated in the so i l . The quest ion is: h o w many years w i l l i t take to decrease the nutr ient ava i lab i l i t y to
approach the levels p reva i l i ng in f a rmers ' f ie lds?
Second, annual exper iments are recommended to demonstrate fer t i l i zer effects on cereals and groundnut i f
severe phosphorus def ic iency is detected. One does not need to be an exper t to observe the widespread n i t rogen
and phosphorus def ic iencies cur ren t ly a f fect ing fa rmers ' maize f ie lds.
v i i
W h e n i t comes to p rove , demonstrate, o r assess the extent o f pos i t i ve res idua l effects o f g roundnu t on
c r o p p i n g systems, l o n g - t e r m stat ion t r ia ls w i t h o u t chang ing the site o r shor ter - term exper iments on fa rmers '
f ie lds w i t h poo r nu t r ien t status are the answer. G roundnu t is a m o n g the best p reced ing crops fo r cereals, equal to
cowpea . A ma ize -g roundnu t ro ta t ion is ideal on lands poor in n i t rogen : ma ize residues poor in n i t rogen can
decompose d u r i n g the year o f g roundnu t cu l t i va t i on w i t h o u t any h a r m to the g roundnut c rop . T h e nex t year,
ma ize benef i ts f r o m n i t rogen accumula ted in the so i l after the decompos i t i on o f residues, those f r o m the prev ious
ma ize c rop as w e l l as those f r o m the immed ia te l y p reced ing g roundnu t c rop . T h e d i f fe rence in ma ize y ie lds after
ma ize and after g roundnu t m a y be substant ia l .
A g r o n o m y exper iments on f a r m e r s ' f i e lds o r o n - f a r m t r ia ls are ve ry desirable but expensive and t ime -
consum ing . T ranspor t is the most cos t ly i tem and m a n y v is i ts are necessary to secure a success. Research
systems that can bare ly cope w i t h manag ing research on stations w o u l d fa i l in o n - f a r m exper imenta t ion . I t i s thus
impor tan t that we m a k e sure that f u n d i n g is adequate before i n i t i a t i ng o n - f a r m t r ia ls .
A f ina l w o r d on exper imen ta l po l i c y . Compar isons o f c r o p p i n g systems must a lways cover a number o f years.
A sma l l i n te rc ropp ing advantage in one year may be ob ta ined at the expense of decreased p roduc t i v i t y in
subsequent years. To ob ta in v a l i d resul ts , i n te rc ropp ing exper iments shou ld be repeated on the same site fo r at
least t w o seasons. A l t h o u g h in te rc ropp ing and ro ta t ion are genera l ly cons idered to be m u t u a l l y exc lus ive
al ternat ives, a comb ina t i on of bo th is poss ib le . In te rc ropp ing combina t ions of noncereals, for examp le , can be
g r o w n i n ro ta t ion w i t h in te rc ropp ing combina t ions o f n i t rogen-def ic ient cereals.
We m a y also f ind s l i gh t advantages w i t h regard to disease or pest inc idence in in te rc ropp ing combinat ions
compared w i t h the sole c r o p p i n g . However , the poss ib i l i t y exists that pests and diseases of a c rop m i x t u r e can be
ca r r i ed over f r o m one season to the next . Nonetheless, a complete absence of a c rop d u r i n g one or mo re seasons
has of ten p roved to be the most re l iab le w a y to prevent ca r ry -over of pests and diseases to subsequent crops.
W h e n concent ra t ing on increas ing agr icu l tu ra l p roduc t i on , we shou ld keep in m i n d the factors that con t r i b -
uted to the erad icat ion o f hunger in Europe and even to agr icu l tu ra l overproduc t ion in indus t r ia l i zed count r ies .
These were m a i n l y three.
1. T h e t rans i t ion f r o m the med ieva l th ree- f ie ld c r o p p i n g system (a w in te r cerea l , a summer cerea l , and a f a l l ow
season) to an imp roved th ree- f ie ld ro ta t ion system ( i nc l ud i ng a legume c rop on the prev ious f a l l ow ) and later
to b iannual rotat ions (cereal -noncereal ) on g o o d soi ls .
2 . M i n e r a l f e r t i l i ze r app l i ca t ion .
3 . I m p r o v e d cu l t i va rs .
R e f e r r i n g to this last po in t , r emember that i t is not enough to create excel lent new cu l t i va rs . We must also get
them to the fa rmers . T h i s task is f requent ly d i f f i cu l t , pa r t i cu la r l y w i t h g roundnut , a c rop w i t h a l o w mu l t i p l i ca -
t i on rate. T h e quest ion o f seed mu l t i p l i ca t i on w i l l ce r ta in l y be an impor tan t po in t o f d iscuss ion d u r i n g this
wo rkshop .
Popu la t ion pressure in m a n y areas o f the S A D C C reg ion places ve ry h i g h cereal requ i rements on bo th
fa rmers and governments . Cerea l monocu l t u re , o f ten seen as a shor t - te rm so lu t ion , is f raught w i t h negat ive
effects on sustainable p roduc t i v i t y . Pr i ce po l i c ies therefore somet imes favor th is unproduct ive c r o p p i n g system.
Groundnu t , a sui table subst i tute c r o p , is, in my v i e w , an essential par t o f sustainable agr icu l tu re in th is reg ion .
T h a n k y o u for you r at tent ion.
G . S c h m i d t
Team Leader and
Pr inc ipa l G roundnu t A g r o n o m i s t
S A D C C / I C R I S A T Groundnu t Pro ject
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Welcome from ICRISAT
C h a i r m a n o f the W o r k s h o p , the Honorab le Depu ty M in i s te r o f A g r i c u l t u r e , the G T Z Representat ive, the
S A C C A R Representat ive, d is t ingu ished guests, ladies and gent lemen.
I we l come y o u to the F i f t h Reg iona l Groundnu t W o r k s h o p fo r Southern A f r i c a . S ince j o i n i n g I C R I S A T in
1991,1 have been conf ron ted w i t h an apparent ou tbreak o f g roundnut workshops . F i rs t we had the large Second
Internat ional Groundnu t W o r k s h o p a t I C R I S A T Center i n I nd ia in November 1991, now we have th is w o r k s h o p in
M a l a w i , and in September we w i l l have the West A f r i c a n Reg iona l Groundnu t W o r k s h o p in B u r k i n a Faso. T h e
number o f workshops be ing he ld , and the suppor t be ing g iven to t hem, i l lustrate the impor tance o f g roundnut to
many countr ies o f the semi -a r id t rop ics , and the recogn i t i on o f the impor tance o f ensur ing interact ions between
groundnut researchers.
W h e n the S A D C C / I C R I S A T Groundnu t Project was set up in 1982, i t was agreed that workshops shou ld be
he ld every 2 years. T h e o r i g i na l sponsor, I D R C , is to be commended for its fores ight ; and the present sponsor,
G T Z , is to be congratu lated for enab l ing this interact ion between scientists to cont inue. T h e Project c o u l d not
have succeeded w i t h o u t the enthusiastic suppor t o f the host coun t ry , M a l a w i , and the cooperat ion o f a l l
concerned nat ional p rograms. T h e Project is an excel lent example of a genu ine ly cooperat ive enterpr ise and I am
conv inced that i t w i l l go f r o m strength to s t rength. I w i s h y o u a l l success in you r del iberat ions over the next few
days and am sure that y o u w i l l have a most useful and product ive meet ing .
J . G . R y a n
Di rec to r Genera l
I C R I S A T
SACCAR Representative's Address
M r C h a i r m a n , Honorab le Depu ty M in i s t e r o f A g r i c u l t u r e M r F . M . Kangaude, G T Z Representat ive D r M . B o s c h ,
Representat ive o f the D i r ec to r Genera l o f I C R I S A T Dr D . M c D o n a l d , col leagues, ladies and gent lemen.
I t is an honor f o r me to say a few words on beha l f o f S A C C A R at th is impor tan t reg iona l wo rkshop . Fo r the
benef i t o f those o f y o u f r o m outs ide the southern A f r i c a n reg ion , a l l ow me to exp la in the o r i g i n and purpose o f
S A C C A R . T h e Southern A f r i c a n Cent re fo r Coopera t ion i n Ag r i cu l t u ra l Research and T r a i n i n g was establ ished
in 1984 by the member states o f S A D C C to assist the Government o f Botswana to coord inate agr icu l tu ra l
research in the reg ion .
S A C C A R ' s ac t iv i t ies are c lass i f ied in to t w o categor ies, a serv ice func t ion and a coord ina t ion func t ion .
Unde r the serv ice func t i on , S A C C A R serves as a secretariat for its B o a r d , w h i c h is compr i sed of the
D i rec to rs o f Research; s ix Deans o f the Facul t ies o f A g r i c u l t u r e , Fores t ry and Veter inary M e d i c i n e ; and t w o
D i rec to rs o f extens ion p rog rams. T h e D i r e c t o r o f S A C C A R serves as Secretary.
S A C C A R publ ishes a newsletter, and in co l labora t ion w i t h the Depar tment o f Research and Special is t
Services o f the Gove rnmen t o f Z i m b a b w e , publ ishes the S A D C C / Z i m b a b w e Journal o f Ag r i cu l t u ra l Research.
S A C C A R awards research and t ravel grants. La te l y , we have become increas ing ly concerned about the l o w
number of appl icants f o r the research grants. I w i s h to appeal to our S A D C C scientists to make use of th is
fac i l i t y , w h i c h is a lso open to soc ia l scientists.
S A C C A R ' s coord ina t ion func t i on o f reg iona l agr icu l tu ra l research invo lves 15 pro jects. N i n e o f these are
ei ther o n g o i n g or at var ious stages of imp lementa t ion . T h e other s ix projects have been developed but not yet
funded .
Ongoing projects:
1. Land and Water Management Research Programme. Phase I o f the pro ject ends in M a r c h 1992. Phase I I ,
w h i c h s t i l l awai ts f u n d i n g , w i l l assume a decentra l ized st ructure.
2 Sorghum and Millet Improvement Programme
Dono rs : G T Z , C I D A , U S A I D
Execu t i ng A g e n c y : I C R I S A T
3. Grain Legume Improvement Programme
a. Bean Improvement P ro jec t
Donor : C I D A
Execu t i ng A g e n c y : C I A T
b. Cowpea Improvement P ro jec t
Dono r : E E C
Execu t ing A g e n c y : I I T A
c. Groundnut Improvement P ro jec t
Donor : G T Z
Execu t ing A g e n c y : I C R I S A T
d . In -serv ice T r a i n i n g in Research Management
Dono rs for Phase I : U S A I D , C I D A , O D A
Execu t i ng Agency : I S N A R
x
e. Agroforest ry Research P rog ramme
Donor : C I D A
Execut ing Agency : I C R A F
f. SADCC Crops and Forestry Seeds Gene Bank 
D o n o r No rd i c countr ies
Execu t ing Agenc ies : Nord ic Gene Bank , S A D C C
Th is pro ject is f u l l y staffed by S A D C C nationals,
g. Strengthening Faculties of Agriculture, Forestry and Veterinary Medicine 
Th is p rogram operates our S A D C C / G T Z Postgraduate T r a i n i n g Project. I t includes ongo ing reg ional M S c
programs a t Bunda Col lege ( A n i m a l Science), Soko ine Un ivers i t y o f Ag r i cu l t u re ( L a n d and Water
Management) , Un ivers i ty o f Zamb ia (Crop Science), and the Un ivers i t y o f Z i m b a b w e (Agr i cu l tu ra l
Economics) .
Development projects not yet fully funded
1. Col laborat ive N e t w o r k for Vegetable Research and Development in S A D C C
2. Ma ize and Wheat Improvement N e t w o r k
3. Roots and Ti ibers N e t w o r k
4. Research on the Eco logy and B i o l o g y of the Conometa S i l kmo th
5. Management of B lack Cot ton Soi ls
6 . W o o l and M o h a i r Improvement
Together, these programs w i l l enhance the three basic components essential to successful agr icu l tura l re -
search: the development and exchange of improved germplasm and technologies w i t h the nat ional programs,
human resource development (both long- and shor t - term) , and in fo rmat ion exchange.
I now come to our regional groundnut project. The S A D C C / I C R I S A T Groundnut Project has done very we l l
in germplasm development and shor t - term t ra in ing. Recent ly , the Project has begun to address agronomic
prob lems. A thorny issue, however, is the lack of funds for M S c and P h D t ra in ing . S A C C A R and I C R I S A T , the
execut ing agency, w i l l cont inue to seek funds for this impor tant component. Sustainabi l i ty of the Project w i l l ,
after a l l , be v i r t ua l l y impossib le w i thou t t ra ined nat ional scientists.
We are also ex t remely grateful to G T Z for its generous f inancial support for the Project.
S A C C A R has been instructed by the S A D C C Counc i l o f Min is ters to address the question of sustainabi l i ty o f
the S A D C C regional research by deve lop ing mechanisms to sustain them after donor fund ing has ceased. We
w i l l w o r k c losely w i t h I C R I S A T to accompl ish this goa l .
I take this oppor tun i ty to thank Dr Gerhard Schmidt , who plans to ret i re shor t ly after this workshop , fo r his
contr ibut ions to the Project du r i ng the last 2 years. I refer speci f ical ly to his enthusiastic involvement in the
creat ion of the agronomy component of the Project . A l t h o u g h 2 years is a very short pe r i od of t ime for any
ind iv idua l to make an impact in a research p rog ram, Dr Schmidt has done just that. I am sure that my col leagues
w i l l agree that he is an easy person to w o r k w i t h . Dr Schmidt , we w ish y o u al l the best in your ret i rement.
In conc lus ion, I w o u l d l i ke to convey through y o u , Honorable Min is ter , the heartfel t thanks of S A C C A R to
the Government o f M a l a w i for host ing the S A D C C / I C R I S A T Groundnut Project and for a l l ow ing us to ho ld this
workshop in the beaut i fu l c i t y of L i l o n g w e . I t is a lways a pleasure to come back to M a l a w i .
C.T. Nkwanyana
Programmes Of f i ce r
S A C C A R
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G T Z R e p r e s e n t a t i v e ' s A d d r e s s
I am very grateful for this opportuni ty to convey the cordial greetings of the Management of G T Z , the German
Agency for Technical Cooperat ion, to the part icipants of this important workshop and the subsequent Steering
Committee meet ing.
G T Z has had long and very f ru i t fu l cooperat ion w i t h M a l a w i . A l l my compatr iots w h o have come back to
Germany after several years of service in this country have very agreeable memories. Th is wonder fu l country
provides an atmosphere conducive to both a reward ing professional career and a pleasant pr ivate l i fe .
Since 1982, G T Z has supported the Malawi-based S A D C C / I C R I S A T Groundnut Project, wh ich has just
entered into a new 3-year phase. G T Z is convinced that the col laborat ion of al l parties invo lved in the Pro ject - the
Project scientists and their Ma law ian support staff, their colleagues in the S A D C C national groundnut programs,
the strong backing and resources of I C R I S A T Center, and of course S A C C A R w i t h its structural suppor t -
guarantee a very eff icient program. These efforts are beneficial not on ly to M a l a w i but to the other S A D C C
countries.
G T Z fo l lows the progress of the Project w i t h great interest and w o u l d l ike to be as helpfu l as possible. The
Project is a model of cooperat ion between a number of important parties for w h o m agricultural development is
the common denominator. G T Z looks fo rward to f ru i t fu l interaction w i th al l these parties.
Once more best wishes for the workshop and thank you for your attention.
M . Bosch
Technical Desk Off icer
G T Z
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Opening Address
Dist ingu ished Guests, Ladies and Gent lemen.
First o f a l l I w o u l d l ike to express my grati tude to H is Excel lency the L i f e President, N g w a z i Dr H. Karnuzu
Banda, for d i rec t ing me to open this F i f th Regional Groundnut Workshop for Southern A f r i c a . As you know , H is
Excel lency takes agr icu l ture seriously. He is in fact his o w n Min is ter of Ag r i cu l tu re . I am therefore great ly
honored and p r i v i l eged to be g iven the oppor tun i ty to off ic iate at this opening ceremony of your Workshop on
His Exce l lency 's behalf.
On behal f of the Government of the Republ ic of M a l a w i , I welcome al l the d is t inguished delegates and guests
who have gathered here to discuss and exchange experiences in groundnut research and product ion . Th is
Workshop w i l l g ive delegates a unique oppor tun i ty to discuss the performance of this crop in southern A f r i c a .
It is pleasing to note that this Workshop is be ing attended by delegates f rom eight of the ten S A D C C
countr ies: Botswana, Mozamb ique , Nam ib i a , Swaz i land, Tanzania, Zambia , Z imbabwe, and M a l a w i , the host
country . Observer delegates have also come f rom Eth iop ia, Kenya, N iger ia , and Uganda. I C R I S A T is repre-
sented by scientists based in Ind ia , M a l a w i , and Niger.
Groundnut is one of M a l a w i ' s most important export crops and is an important commod i t y in the confec t ion-
ery trade. Because M a l a w i imports substantial amounts of edible o i ls , we realize the importance of increasing
product ion of o i l - r i ch groundnut in decreasing impor t requirements. Nu t r i t i ona l l y , groundnuts are an excel lent
source of protein and energy. W h e n g rown in rotation w i th other crops such as maize or tobacco, groundnuts
improve soil fe r t i l i ty .
For al l these reasons, i t has become the po l i cy of the Government of M a l a w i to increase groundnut produc-
t ion as rapid ly as possible. The M in i s t r y of Agr i cu l tu re is intensi fy ing both research and extension efforts in l ine
w i t h that po l i cy .
Rea l iz ing the importance of groundnuts in M a l a w i and other S A D C C countr ies, the Government agreed in
1982 to host the S A D C C / I C R I S A T Groundnut Project, wh i ch is based at Chitedze Agr icu l tu ra l Research Stat ion.
M a l a w i also hosts the S A D C C / I C R A F Regional Agroforest ry Project, wh i ch is based at Makoka Research
Station. Through these projects and others, M a l a w i contr ibutes posi t ive ly to the ideas of S A D C C .
The value M a l a w i attaches to groundnuts is underl ined by the fact that since 1982, we have hosted no less than
three groundnut workshops. Th is Workshop is therefore welcome.
The main object ive of this Workshop is to rev iew the wo rk du r ing the past decade in the f ield of groundnut
research and development in the S A D C C countr ies. Papers by eminent scientists f rom w i th in the S A D C C Region
and elsewhere w i l l be presented on a w ide range of topics af fect ing groundnut product ion. The workshop w i l l
also ident i fy constraints af fect ing the groundnut industry in the S A D C C region and make recommendat ions to
member countr ies.
This Workshop has been organized by I C R I S A T and funded by G T Z as part of act iv i t ies of the S A D C C /
I C R I S A T Groundnut Project. On behal f of the Government of M a l a w i , therefore, I express grat i tude to the
German Government for fund ing this important research, and to I C R I S A T for execut ing the Groundnut Project
on behal f o f southern A f r i c a n countr ies through S A C C A R .
His Excel lency the L i f e President has said many t imes that no matter what his people may no t have, three
things at least they mus t have. These are food , c lo th ing , and houses that do not leak. Our Government is
therefore commi t ted to a l lev iat ing poverty and ma lnu t r i t i on .
M a l a w i ' s overal l agr icul tural strategy, as delineated in the Statement of Development Policies for 1987-1996,
is:
• to enhance the social wel fare and income of the agr icu l tura l commun i t y ;
• to ensure prosper i ty and stabi l i ty of the nation by improv ing self-suff ic iency in food; and
• to expand and d ivers i fy expor t earnings f rom agr icul tural produce.
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These po l i cy object ives w i l l be achieved by m i n i m i z i n g the deter iorat ion o f natural resources, by examin ing
the d is t r ibut ion of agr icu l tura l incomes, and by reducing dependence on imports . M a l a w i is we l l aware that
groundnuts can contr ibute s igni f icant ly to the achievement of these object ives.
I am therefore happy that this Workshop has been cal led to faci l i tate exchange of scient i f ic in fo rmat ion
between scientists in the S A D C C countr ies and those f r o m outside the reg ion . Together, y o u shou ld w o r k to char t
the course of groundnut research in the 1990s.
Dis t ingu ished delegates, some of y o u may be v is i t i ng M a l a w i for the f i rs t t ime. I inv i te y o u a l l to v is i t other
parts o f ou r coun t ry . We are very f r i end ly people. I f y o u w o u l d l i ke to extend your stay, y o u w i l l f i nd yourselves
genuinely we lcome, especial ly by the young . Feel f ree to talk to any of our people, and to learn about the i r hopes
and aspirations. Wherever y o u g o , y o u w i l l know that you are among f r iends .
Mr Cha i rman , ladies and gent lemen, I w ish y o u every success in your del iberat ions. I declare this workshop
of f ic ia l l y open. Thank y o u .
Hon. F.M. Kangaude, M.P.
Deputy Min is te r o f Ag r i cu l t u re
Government o f M a l a w i
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Abstract
Var iab i l i t y in exper imenta l da ta presents considerable chal lenge to the ana lys is o f experiments.
Phys io log ica l models may be useful in th is context since they can be used to p a r t i t i o n sources of
va r ia t ion in to components w h i c h can then be used to improve the analys is a n d in terpre ta t ion o f
results. Th is can be done us ing da ta a l ready col lected in most experiments (b iomass, p o d y i e l d ,
f l ower ing a n d matu r i t y ) , so the value o f da ta a n d knowledge ga ined f rom an exper iment can be
improved w i thou t inc reased costs. The methods a n d po ten t ia l benefits o f the system a re demon-
st rated us ing an example from a heat to lerance screening experiment.
Resumo
M o d e l o f is io logico e dados ag ronomicos ap l icados p a r a ana l i se e in terpre taqao de resul tados
expermenta is . Va r iab i l i dade nos resul tados exper imentais apresentam mudengas consideravies
p a r a ana l ise dos exper imentos. O mode lo p a r a p ropo rc i ona r fontes de variagcao nos componentes
que pode se usar p a r a desenvolver a ana l ise e in terpretaqao dos resul tados. Is to pode ser f e i t o
usando dados jd existentes, colectados em mui tos exper imentos (b iomassa, rendimento em vagens,
floracao e matu racao) , so o va lo r dos dados e o conhecimento a d i q u i r i d o d u m exper imetno pode
ser me lho rado sem aumentar os custos. Os metodos e o po tenc ia l ben i f i co do sistema estao
demost rado com exemplo dum ensaio da ava l iacao de to leranc ia a epoca quente.
Introduction
Var iab i l i t y w i t h i n data due to site and other causes is
a ma jo r p rob lem for scientists. To deal w i t h the p rob -
lem, treatments and exper iments are repeated, but re -
sults can st i l l be inconc lus ive. Standard statistical
methods exist for dea l ing w i t h va r iab i l i t y and classi-
f y i n g this var ia t ion in to :
• that w h i c h is at t r ibutable to exper imenta l treat-
ments;
• that w h i c h is associated w i t h systematic or de f in -
able site d i f ferences (b lock , or covar iate) ; and
• that w h i c h is associated w i t h unsystematic, or un-
k n o w n causes (er ror ) .
These statistical methods then a l low the effects of
these var ious contr ibut ions to tota l var ia t ion to be
evaluated against a measure of the size of var iat ions
o f unknown o r i g i n (the er ror ) . The ob ject ive o f this
statistical method is to account for the sources of v a r i -
at ion and so d i m i n i s h the size of the error component .
One measure o f h o w we l l th is ob ject ive has been
achieved is p rov ided by the coeff ic ient of var ia t ion
( C V % ) .
Phys io log ica l l y , y i e l d is the outcome of the effects
o f env i ronmenta l and genetic factors. Know ledge o f
the y i e l d , however, is not as useful as knowledge of
the cont r ibut ions of the determinants o f y i e l d to that
end product . Recent developments a l l ow the use of
agronomic data and c rop phys io log ica l models to re-
1. Team Leader and Principal Agronomist, SADCC/ICRISAT Groundnut Project, RO, Box 1096, Lilongwe, Malawi.
2. Principal Physiologist and Groundnut Team Leader, ICRISAT Sahelian Center, B.P. 12404, Niamey (via Paris), Niger.
3. Principal Statistician, ICRISAT Sahelian Center, B.P. 12404, Niamey (via Paris), Niger.
4. Principal Breeder, ICRISAT Sahelian Center, B.P. 12404, Niamey (via Paris), Niger.
ICRISAT Conference Paper no. CP 810.
Ndunguru, B.J., Williams, J.H., Stern, R.D., and B.R. Ntare, B.R. 1992. Physiological models and agronomic data applied to experimental
analysis and interpretation. Pages 3-8 in Proceedings of the Fifth Regional Groundnut Workshop for Southern Africa, 9-12 Mar 1992, Lilongwe,
Malawi (Nageswara Rao, R.C., and Subrahmanyam, P., eds.). Patancheru, A.P. 502 324, India: International Crops Research institute for the
Semi-Arid Tropics.
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f ine the statistical analysis o f exper iments and the
interpretat ion o f the resul ts. M o d e l s can be used to
determine the con t r i bu t i on o f var ious components o f
the c rop system to y i e l d , and whe re the source o f
var ia t ion is unders tood in the phys io log ica l sense,
they can be used to re f ine the analysis and improve
the value of the exper iment . T h i s technique is demon-
strated us ing the results of a heat to lerance screening
exper iment conducted at the I C R I S A T Sahel ian Cen-
ter ( ISC) , near N i a m e y , N ige r .
Experimental Background
Droughts are comp lex si tuat ions d u r i n g w h i c h crops
may exper ience var ious combinat ions o f water, heat,
and nutr ient stresses as a resul t of inadequate water
supply . Sahel ian countr ies exper ience h i gh tempera-
tures d u r i n g the season when groundnuts are g r o w n
(Fig.1) , and these cond i t ions are aggravated i f d rought
M o n t h
Figure l. 1991 seasonal variation in maximum and 
minimum temperatures and pan evaporation at 
Sadore, Niger. 
occurs , since plants then cannot dissipate inc ident en-
ergy by evaporat ion. We have shown that the g round -
nut var iet ies adapted to Sahel ian cond i t ions a l l have
the ab i l i t y to y i e l d we l l d u r i n g the hot months p r i o r to
the onset of ra ins, and that th is ab i l i t y is due to the
adapted var ie t ies ' ab i l i t y to ma in ta in pa r t i t i on ing to
pods in above n o r m a l temperatures, rather than due to
di f ferences in ab i l i t y to g row in e i ther d rought o r h i g h
temperature cond i t ions (Greenberg et a l . 1990). Thus
we bel ieve that temperature tolerance is an impor tan t
component of d rought resistance, and a necessary at-
t r ibute fo r var iet ies cu l t i va ted in the Sahel . By p r o v i d -
i n g adequate nutr ients and water to groundnuts
g r o w i n g in the ve ry hot summer, genotypes w i t h the
necessary heat to lerance can be ident i f ied w i thou t the
con found ing effects o f d rought stress. However ,
groundnut g r o w t h at ISC is ex t reme ly var iab le (Sub-
rahmanyam et a l . 1991), and ob ta in ing mean ing fu l
results can be d i f f i cu l t .
T h e parameters fo r s imple mode ls o f y i e l d deter-
m ina t ion associated w i t h a measured f inal p roduc t
m a y be est imated fo r many genotypes w i t hou t in ten-
sive destruct ive measurements ( W i l l i a m s and Saxena
1991). In the mode l used the p o d y i e l d (Ypod) is de-
fined as:
Ypod = Cx Drep x p [Equat ion 1]
where C = the mean crop g r o w t h rate, Drep = the
durat ion of reproduct ive g r o w t h , and p = the p a r t i -
t i on ing of g row th to pods (Duncan et a l . 1978).
A second mode l that has relevance to our p rob lem
deals w i t h the determinat ion o f biomass p roduc t ion
(Mon te i t h 1977):
Ybio = l x e [Equat ion 2 ]
where / = total energy intercepted, and e = the l i gh t
use ef f ic iency. Th i s mode l can be conver ted easi ly to
account for var iat ions in C since:
C = Ybio + D t o t a l [Equat ion 3 ]
where Dlotat = t ime f r o m sow ing to harvest.
Genera l ly , ma jo r var iat ions in C are due to / since
e is a re la t ive ly conservat ive parameter ( M o n t e i t h
1990). Th i s mode l is impor tan t to the rat ionale of the
analysis, w h i c h suggests that var iat ions in Ypod due to
var iat ions in C are largely the resul t of a factor easi ly
manipu la ted by manager ia l techniques. M o s t d i f fe r -
ences due to var ia t ions in C can therefore be a t t r ib -
uted to env i ronmenta l rather than genotypic effects.
Materials and Methods
The t r i a l was conducted d u r i n g the d r y season o f 1991
at the I C R I S A T Sahel ian Center (13° 2 9 ' N , 2° 10'E;
221 m above sea level) . Soi ls are Psamment ic Pal-
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Evapora t ion
Min tempera tu re
Max tempera tu re
eustalfs (sandy, s i l iceous, i sohyper thermic ) w i t h l o w
pH, l o w inherent so i l f e r t i l i t y , and l o w organic matter.
The t r ia l was la id out as a balanced latt ice and 46 kg
ha - 1 P 2 0 5 was app l ied as d i a m o n i u m phosphate p r i o r
to s o w i n g . Plot size was 4 m2 and seeds were sown on
7 M a r c h 1991 at 10 cm spacing a long r idges SO cm
apart.
T h e t r i a l used 625 groundnut l ines, i nc l ud ing
some released l ines w i t h adaptat ion to Sahel ian con -
d i t ions . Adequate amounts o f water were p rov ided by
i r r i ga t ion so that plants d i d not exper ience drought
stress d u r i n g g r o w t h . T h e t r ia l was regu la r ly ob-
served to determine the date a t w h i c h 5 0 % of the
plants in each p lot had commenced f l owe r i ng . At har-
vest, shoot d r y matter, p o d y i e l d , and seed y ie lds were
measured. To p rov ide the best possible measure of
total b iomass fo r g roundnuts , one needs to adjust fo r
any de fo l ia t ion that may have occu r red (based on the
fract ions o f stem and leaf w i t hou t de fo l ia t ion) , and for
the h igher energy content of the seeds (Duncan et a l .
1978). C r o p g r o w t h rate ( C ) , p o d g r o w t h rate (R) , and
the pa r t i t i on ing coef f ic ient (p) were est imated for
each of the 1875 plots of the exper iment us ing the
energy adjusted f inal b iomass, the energy adjusted
reproduct ive y i e l d , and the t i m i n g o f f l ower ing and
matu r i t y ( W i l l i a m s and Saxena 1991). A l t h o u g h
g r o w t h is k n o w n to be a nonl inear func t ion , i t is pos-
s ib le to use a l inear approx imat ion over the w h o l e
c rop l i f e , since this w i l l ma in ta in re lat ive d i f ferences
between t r ea tmen ts /The l inear es t imat ion o f g r o w t h
rates using standard g r o w t h rate equations was as
f o l l o w s :
[Equat ion 4 ]
[Equat ion 5 ]
where HWT = hau lm mass, PWT = p o d mass, T2 = 
days to harvest, T1 = days to flowering, and X = t ime
between f lowering and the expansion of the pods (at
Sadore th is interval is 10 days).
Results and Discussion
Var ia t ion in pod y i e l d was ve ry substantial (Table 1).
Mos t genotypes produced pod y ie lds rang ing between
0.2 and 0.5 t ha-1, and a few produced more than 1.0t
Variable Minimum Mean Maximum
No. of plants emerged
Days to flower
Days to harvest
No. of plants harvested
Haulm mass (t ha-1)
Pod mass (t ha-1)
Crop growth rate (t ha-1 d-1)
Partitioning
Rep duration (d)
1.00
27.00
119.0
1.00
0.008
0.0030
0.000039
0.0260
63.00
39.87
32.74
133.3
24.56
1.994
0.5545
0.007304
0.4796
85.60
99.00
47.00
148.0
69.00
11.840
4.8200
0.038800
1.4309
104.00
Distribution
Normal
Normal
Normal
Normal
Skew
Skew
Skew
Normal
Normal
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Table 1. Basic statistics of variables measured in the temperature screening experiment
Table 2. Distribution of sums of squares between factors and covariates in the analysis of variance.
Source
Reps
Covariate
Cultivars
Residual
Total
CV (%)
DF = Degrees of freedom.
SQRT = Square root transformed.
C = Crop growth rate.
D F
2
-
624
1208
1833
SQRT pod
yield
2.144
-
119.318
68.810
182.477
35.5
Partition factor
0.499
-
33.400
21.677
54.279
27.9
DF
2
1
623
1208
1833
SQRT pod
yield with C as
covariate
2,144
51.700
28.989
17.108
182.477
17.9
C = [HWT + (PWT*1.65)]/(T2)
and
R = (PWT* 1.65)I(T2-T1-X)
between 0.4 and 0.6. A neg l ig ib le percentage pa r t i -
t ioned less then 0.2 and there were some that p a r t i -
t ioned above 0.8. Several genotypes w i t h l o w y ie lds
were f ound to have h i g h pa r t i t i on ing . T h e p was o n l y
poo r l y related to p lant stand and d i f ferences between
genotypes have been at t r ibuted most l y to genotype
effects.
T h e impact o f the use o f phys io log ica l models in
the in terpretat ion o f data is p rov ided by e x a m i n i n g
the effects o f select ing on y i e l d a lone, compared w i t h
that o f i n v o l v i n g pa r t i t i on ing and y i e l d . T h e l ines can
be classi f ied in to four groups based on p o d y i e l d and
pa r t i t i on ing per fo rmance (F ig .4 ) .
Group 1 Cu l t i va rs w i t h h i gh y i e l d A N D w i t h a par-
t i t i on ing o f above 0.7. For this g roup the
outcome was not in f luenced by data me -
thodo logy . Th i s g roup inc luded cvs 796 ,
4-2-12-7 , 4 -4 -4 -20 , 55 -437 , M F - 4 7 , and
I C G V 88461 . The inc lus ion o f the best
avai lable released var ie ty (55-437) in this
g roup p rov ided some measure o f con f i -
dence in the results.
Group 2 Cu l t i vars w i t h l ow p o d y i e l d B U T w i t h
h igh pa r t i t i on ing . These l ines w o u l d have
ei ther been d iscarded, or requ i red fur ther
screening before charac ter iz ing them for
their heat to lerance. T h e g roup inc luded
cvs I C G 1141, I C G 2239, I C G 1816, I C G
2149, I C G 2195, I C G 9345 , I C G 8620 ,
I C G M S 2 1 , I C G 10736, I C G 1840, I C G
2092 , I C G 1338, I C G 1236, I C G 1622,
I C G 2058 , I C G 1620, and I C G 372.
Group 3 Cu l t i vars w i t h h igh y i e l d B U T w i t h lower
pa r t i t i on ing . T h e g roup inc luded cvs
I C G V MS 86775 , I C G 1697, I I T A / I B P G R
4 2 , and I C G V 88427. T h e ma jo r i t y o f the
group p robab ly owe the i r h i g h y i e l d to
better rad iat ion in tercept ion, and w i l l be
reta ined for fur ther eva luat ion. T h e poss i -
b le existence of genotypes that may have
better radiat ion-use-ef f ic iency just i f ies fur-
ther invest igat ion of these l ines.
Group 4 Cu l t i va rs w i t h l ow p o d y i e l d A N D low
par t i t i on ing . M o s t o f the l ines examined
came under this g roup , and there is no
jus t i f i ca t ion for fu r ther invest igat ion o f
them.
T h e ex t reme genotypes in G r o u p 3 were of inter-
est because they apparent ly achieved h i gh y ie lds by
exp lo i t i ng mechanisms d i f fe rent f r o m those c o m m o n
to most genotypes. I f the h i gh C of these l ines is
repeatable, our interest in them is in that they had
super ior g r o w t h rates under these adverse cond i t ions
and p rov ided the poss ib i l i t y o f c o m b i n i n g super ior p .
and C under h i g h temperature cond i t ions .
T h i s example o f data analysis us ing phys io log ica l
models as tools to improve the value of data is one of
many potent ia l appl icat ions of th is approach. There is
g r o w i n g evidence that s imple phys io log ica l models
l i ke those presented here can p rov ide power fu l tools
to breeders, agronomists, and c rop scientists in other
d isc ip l ines to increase the cost e f f ic iency of research.
Thus , know ledge o f the manner i n w h i c h env i r on -
menta l and treatment factors effect the parameters of
these phys io log ica l models a l lows better analysis and
interpretat ion o f the results o f exper iments , and i n -
deed may f o r m the basis for diagnost ic in terpretat ion
of the results.
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Discussion
Subrahmanyam: Y o u have a large var ia t ion i n p lant
popu la t ion across repl icat ions, genotypes, and other
treatments* Th i s seems to be the ma jo r con t r i bu t i ng
factor to h i gh coeff ic ients o f var ia t ion (above 7 0 % ) .
W h a t are the m a j o r factors con t r i bu t i ng to l o w plant
populat ion? Is i t due to l o w v i ab i l i t y o f the seed, or is
i t due to seed/seedl ing disorders? I f these are the
majo r factors, y o u shou ld be able to manage/contro l
them very easi ly .
Ndunguru: Our present know ledge indicates that
crop g row th va r iab i l i t y is due to nematodes, peanut
c l ump v i rus , and A l and Mn tox ic i t ies , as we l l as
nutr ient imbalance due to l o w soi l pH (about 4 .2) .
V i a b i l i t y of seed was also a source of va r ia t ion . E f -
forts have been made to manage c rop g r o w t h v a r i -
ab i l i t y . Other studies have been in i t ia ted to f ind ways
to interpret data obta ined f r o m a c rop w i t h var iab le
g row th w i thou t manag ing this p r o b l e m . B o t h ap-
proaches are in progress at 1CRIS A T Sahel ian Center.
Chiteka: There were var iet ies w i t h l ow pa r t i t i on ing
and h igh y i e l d and others w i t h h i g h pa r t i t i on ing and
h igh y i e l d . W h a t was the d i f ference in par t i t i on ing?
Ndunguru: W e cons idered a pa r t i t i on ing o f 0.7 and
above as h i g h , and a pa r t i t i on ing of less than 0.7 as
low .
Chiteka: W h a t was the basis for h i gh y i e l d and low
par t i t i on ing for genotypes w i t h the same crop
durat ion?
Ndunguru: T h e ma jo r i t y o f the var ia t ion was at t r ib -
uted to va r ia t ion in c rop g r o w t h rate. W h i l e the mode l
suggests that var ia t ion m a y d i m i n i s h w i t h changes in
rad ia t ion in tercept ion, we also want to ident i fy mate-
r ia l w i t h to lerance for A l tox ic i t y .
Olorunju: 1. Y o u said y o u r cu t - o f f points were a rb i -
t ra ry , but there must be some factors y o u cons idered
in g roup ing you r resul ts . W h a t are they? 2 . C o u l d y o u
comment on the dec is ion y o u made to analyze
skewed data and the s ign i f icance of the results that
came out of this unusual statist ical pract ice?
Ndunguru: 1. A pa r t i t i on ing o f about 0.7 was the
cu t -o f f p o i n t Pod y i e l d above 1 t ha - t was cons idered
reasonable under our cond i t ions in N iger . 2 . Data
analysis is based on the assumpt ion that data are s y m -
met r i ca l (he. , n o r m a l l y d is t r ibu ted) . I f the data are
skewed then they are t rans fo rmed. In th is case our
p o d y i e l d data were asymmet r i ca l , but we never the-
less analyzed them, as our a i m was to test the mode l .
On t rans format ion , the data became symmet r i ca l , and
us ing the s imple g r o u p i n g technique l ines w i t h k n o w n
drought to lerance got h i g h marks . We w o u l d l i ke i m -
press on par t ic ipants that we del iberately presented
these data in var ious fo rms to show h o w m u c h i m -
provement in data analysis and interpretat ion can be
made us ing these s imple mode ls .
Subrahmanyam: D o we have any i n fo rma t i on on
the rates of phys io log ica l (natural) de fo l ia t ion in d i f -
ferent botanical groups?
Williams: N o . W e on ly have observat ions that the
leaf defo l ia t ion is in f luenced by popu la t ion and l i gh t
penetrat ion to the leaves. W i d e l y spaced plants have
l i t t le de fo l ia t ion but c l oud canopies have substantial
de fo l ia t ion .
Chiteka: A t what po in t do y o u consider pods to have
started f o r m i n g : pod fo rma t ion , peg fo rma t i on , o r
po in t o f peg entry into the soi l?
Williams: The po in t that y o u need to fix is when the
f i rst pods are expanded. That is the start of s igni f icant
reproduct ive g r o w t h .
Nageswara Rao: I have a comment regard ing ca lcu-
la t ion of c rop g r o w t h rate. I bel ieve that we should use
days after emergence as the denominator rather than
days after sow ing . The t ime to emergence can be
affected by d i f ferences between genotypes, changes
in base temperature, or other fac to rs -a l l o f wh i ch can
inf luence the c rop g row th rate when we are compar-
ing across var iet ies.
Williams: Perhaps so, but i t is m o r e a quest ion o f
de f in i t ion . As l ong as one defines the basis, the values
are va l i d . Changes do not affect the absolute values
and shou ld be re la t ive ly constant across the
treatments.
Freire: 1. Is i t possible to use harvest index fo r p r o b -
ab i l i t y? 2. H o w is vegetative g r o w t h p r i o r to the be-
g i nn i ng of the reproduct ive stage taken in to account
in re la t ion to f ina l y ie ld?
Williams: 1. N o , harvest index does not take in to
account the d i f ferences in t i m i n g . Par t i t i on ing is
based on rates and therefore defines the ef f ic iencies.
2. I t does have some impact on the est imate of the
p a r t i t i o n i n g , but these are absolute rather than
re lat ive.
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Abstract
Ca lc ium def ic iency is a ser ious ag ronomic const ra in t to p o d p roduc t i on on the p o o r so i ls (Al f iso ls)
o f A f r i c a n g roundnu t -g row ing areas. In a series o f f i e ld experiments a t the ICRISAT Sahe l ian
Center in N ige r , runner genotypes demonstrated better ab i l i t y to cope w i t h inadequate Ca supply ,
p r o d u c i n g h igher y ie lds , hav ing better p o d f i l l i ng a n d reduced sensi t iv i ty o f she l l i ng percentage to
inc reas ing p o d size across var iet ies. Breed ing f o r improved y i e l d po ten t i a l i n the runners shou ld be
a p r i o r i t y f o r g roundnu t breeders concerned w i t h i m p r o v i n g p roduc t i v i t y i n l ow- inpu t f a r m i n g
systems.
Resumo
Pontencia de variedades postradas de amendoim para reduzir o estampido das vagens mal 
preenchidas e aumentar a produqao nos sistemas de produqao de baixo "input". A deficiencia do
ca l c io e urn dos ser ios l imi tantes ag ronomico p a r a a p roducao de vagens nos solos pobres ( A l -
f i so los) das . zonas de cu l tu ra de amendo im em A f r i c a . N o m a s i r i e de exper imentos de campo no
I C R I S A T centro de Sahel em N iger , genot ipos post rados mas t ra ram me lho r ab i l i dade em faze r
f ren te a seminis t ro inadequado de C a l c i o , p roduz indo m a i o r co lhe i ta , possu indo me lho r p reench i -
mento de vagens e senc i t iv idade reduz ida de percentagem de casca p a r a o incremento do tamanho
de vagens atravez das var iedades. Cruzamentos p a r a o me lhoramento do po tenc ia l de p roduqao
das var iedades post radas deve ser a p r i o r i d a d e p a r a os melhoradores de amendo im re lac ionado
com o melhoramento da p roduc t i v idade em sistemas de campos de p r o d u c a o de pouca
conservagdo.
Introduction
In the semi -a r id t rop ics, g roundnut pods are of ten
affected by C a l c i u m (Ca + + ) def ic iency because soi ls
of ten have l ow Ca++ content, or m o b i l i t y o f th is ele-
ment is l im i t ed due to droughts (Cox et a l . 1976).
C a l c i u m def ic iency is a k n o w n reason for the fa i lu re
o f seed fo rma t i on c o m m o n l y ca l led " p o p s " (Co lwe l l
and B rady 1945). Seed y ie lds and the qua l i t y of seeds
are reduced drast ica l ly by Ca++ def ic iency, and the
number o f empty and immature pods mu l t ip l i es (Con-
ker ton et a l . 1989).
Ca l c i um nu t r i t i on is a p rob lem for w h i c h there are
k n o w n genotypic d i f ferences i n suscept ib i l i ty . M u c h
attention has been focused on the ro le of p o d size as a 
factor in f luenc ing suscept ib i l i ty to Ca + + def ic iencies
( K e i s l i n g et a l . 1982, K v i e n et a l . 1988). M u c h less
attention has been focused on the ro le of p o d dispersal
to l i m i t in te rpod compet i t ion for the element. The
better p o d d is t r ibu t ion o f runner groundnuts in the
soi l makes more than doub le the soi l vo lume ava i l -
able to i nd i v idua l pods ( H a r t m o n d 1991). Th i s ef fect
cou ld be impor tan t in in f luenc ing Ca++ nu t r i t i on .
Wa lke r et a l . (1976) repor ted h igher y ie lds of a runner
1. Institut fur Obst- und Gemusebau der Rheinischen-Friedrich-Wilhelms Universitat Bonn, Auf dem Hugel 6, D-5300 Bonn 1, Germany.
2. Principal Physiologist and Groundnut Team Leader, ICRISAT Sahelien Center, B.P. 12404, Niamey (via Paris), Niger.
3. Team Leader and Principal Agronomist, SADCC/lCRISAT Groundnut Project, P.O. Box 1096. Lilongwe, Malawi.
ICRISAT Conference Paper no. CP 811.
Hartmond, U., Williams, J.H., Ndunguru, B.J., and Lenz, F. 1992. The potential of runner groundnuts to decrease 'pops' and increase yields
in low-input farming systems. Pages 9-13 in Proceedings of the Fifth Regional Groundnut Workshop for Southern Africa, 9-12 Mar 1992,
Lilongwe, Malawi (Nageswara Rao, R.C., and Subrahmanyam, P., eds.). Patancheru, A.P. 502 324, India: International Crops Research Institute
for the Semi-Arid Tropics.
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compared w i t h bunch cu l t i vars a t l ow so i l C a l c i u m
levels. Despi te the i r w idespread use in the intensive
groundnut cu l t i va t ion in the U S A , runners are not
c o m m o n l y selected for c rop improvement in the semi -
a r i d t ropics, perhaps because o f thei r re la t ive ly l ong
g row th cyc le , and disadvantages in hand harvest ing.
Breeders have been able to increase the y i e l d p o -
tential o f groundnuts, p r i m a r i l y by increas ing the p ro -
po r t i on o f assimilates par t i t i oned to the pods (Duncan
et a l . 1978): These changes have been possib le in bo th
runners and bunch types o f groundnuts . M u c h o f the
produc t ion in the U S A ut i l izes runner types w i t h h i gh
y i e l d potent ia l ( W o o d r o o f 1973, F ranke 1982).
T h e present study evaluated the ro le of the runner
habi t as a means of i m p r o v i n g p o d f i l l ing under var-
ious ca lc ium supply cond i t ions . Ca+ + supply was ma-
nipulated by combinat ions o f fe r t i l i za t ion and
i r r i ga t ion , and the effects of these ' env i ronmen ts ' on
groundnut var iet ies o f d i f f e r i n g habi t and pod size
were examined .
botanical classes, and p o d sizes. T h e detai ls o f the
four exper iments are summar ized be low.
Experiment 1 Loca t i on : Tara 
Var ie t ies : 12 (9 bunch , 3 runner)
Ca + + levels: 3 ( 0 , 120, 240 kg ha - 1 )
D rough t : N o
Experiment 2 Loca t i on : Sadore
Var ie t ies: 4 (2 bunch , 2 runner)
Ca ++ levels: 1 ( 0 kg ha - 1)
D rough t : N o
Experiment 3 Loca t i on : Sadore
Var iet ies: 4 (2 bunch , 2 runner)
Ca + + levels: 2 (0 , 240 ha-1)
Drough t : 2 ( levels over g ra in f i l l )
Experiment 4 Loca t i on : Sadore
Var iet ies: 4 (2 bunch , 2 runner)
Ca + + levels: 2 (0 , 240 ha-1).
D rough t : 2 ( levels over g ra in f i l l )
Materials and Methods
D u r i n g the ra iny and postra iny seasons of 1989 and
1990, f ie ld exper iments were conducted at I C R I S A T
Sahel ian Center, at Sadore, N iger , in the Sahelian
Zone , and at Tara, 3 0 0 km south in the Sudanian
Zone .
At Sadore, the soi ls are very var iable and belong
to the Labuche r i Series of the Psammentic Pal-
eustalfs. T h e y have a very l ow exchange capaci ty of
less than 3 m e q 100 g - 1 of so i l and a pH of 5.0 to 5.2.
T h e t opso i l i s ve r y sandy, w i t h 9 4 % sand and on ly
3% c lay (West et a l . 1984). At Tara, the soi l is c lassi-
f ied as Hap l i c A c r i s o l w i t h 9 0 % sand in the topso i l . I t
has a pH of 3.9 and the exchange capaci ty is 6 meq
100 g - 1 ( I N R A N 1990, Fechter et a l . 1991).
The f ie lds chosen for the exper iments had been
fa l l ow for at least 6 years before the exper iments. The
grass and bushes were removed manua l l y , and the
groundnut seeds sown d i rec t l y by hand in to the soi l
w i t hou t fu r ther t i l lage to avo id dest ruct ion o f the poor
soi l s t ructure. Plots of 4 x 5 m2 were arranged in
randomized b lock designs w i t h three (Exper imen t 1)
or f ive repl icat ions. A basal fe r t i l i ze r of 12 kg N and
30 kg P 2 O 5 ha-
1 as d iamon ium-phospha te ( D A P ) was
appl ied before sow ing .
C a l c i u m was app l ied at the pegg ing stage as g y p -
sum. A l l fe r t i l i ze rs were d is t r ibu ted by hand onto a 
2 5 - c m w i d e band a long the rows. T h e var iet ies used
were selected to p rov ide a range of g r o w t h habi ts,
F ina l y i e l d , y i e l d components, and she l l ing per-
centage were assessed and the number of empty lo-
cules ( "pops" ) was counted separately for one- and
two- locu led pods on a 500 g subsample.
Results and Discussion
" P o p s " occur red in a l l exper iments. There was con-
siderable var ia t ion between exper iments , manage-
ment treatments, and genotypes for this at t r ibute. In
a l l exper iments cor re la t ion analysis demonstrated that
she l l ing percentage, and percentage of f i l led locules
decreased w i t h increasing p o d size, as is shown us ing
the data for exper iment 1 (Table 1). Var iet ies w i t h
Pod volume
Filled locuIes (%)
Shelling percentage
r* = 0.195 r * * = 
* = p<0.05 
** = P<0.01
Pod
yield
0.002
0.331
0.328
0.254 n = 
Shelling
percentage
-0.461
0.762
107
Filled
locules
(%)
-0.385
10
Table 1. Correlation coefficients of pod yield, pod volume,
shelling percentage, and the number of filled
locules (Experiment 1).
smal ler pods had fewer " p o p s " because large size
reduces the sur face:vo lume rat io and thus the Ca-
uptake ab i l i t y re lat ive to requi rements. T h i s effect
was also apparent between the pods w i t h one or t w o
l o c u l e s . T h u s for env i ronments def ic ient in ca l c i um ,
and where g y p s u m is not avai lable, i t may be useful
to breed for a larger percentage of f ru i ts w i t h on l y one
locu le , compensat ing for the decrease in seed number
by greater pod numbers .
To comb ine results f r o m a l l exper iments stabi l i ty
analysis was used (F in ley and W i l k i n s o n 1963). Each
treatment level o f C a + + and i r r i ga t i on f r o m the exper-
iments was cons idered as a separate env i ronment for
the analysis.
To compare the she l l ing percentage of the t w o
morpho log ica l g roups, al l the runner and bunch types
were averaged for each ' env i ronmen t ' and p lot ted
against the overa l l mean she l l ing percentage in the
d i f ferent env i ronments (Fig.1) . The she l l ing percent-
age was h igher in the runner genotypes than in bunch
cu l t i vars in most env i ronments , except in the best
env i ronment ( i .e. , h i g h Ca++ and i r r i ga t ion levels).
The regression l ines converged in the best env i ron -
ments and contrasts were more p ro found in poorer
env i ronments. Th i s indicated the better adaptat ion of
runner types to these l ow Ca++ si tuat ions compared
w i t h the bunch types, whereas in h ighe r -y ie ld ing en-
v i ronments both types f i l led the pods equal ly w e l l .
A h igh l y s igni f icant negat ive cor re la t ion between
pod vo lume and she l l ing percentage was detected in
al l the exper iments , a re lat ionship observed by sev-
eral researchers (Pallas et a l . 1977). However , seed
size is an impor tant qua l i ty c r i t e r i on in groundnuts ,
and b igger seed commands h igher pr ices in the mar-
ket. Since pod size increases the C a + + requ i rement ,
and the runner habi t decreases this requi rement , is
there evidence that the runners can better f i l l pods of
a g iven size than bunch types? The regression of
she l l ing percentage w i t h pod size separately for run -
ner and bunch genotypes (F ig .2) shows that the f i l l ing
of pods f r o m runners was less sensit ive to pod size
than was the bunch genotypes, suppor t ing the idea of
reduced nutr ient compet i t i on in the so i l due to better
pod d is t r ibu t ion ( H a r t m o n d 1991).
To evaluate the effect o f runner or bunch habi t on
y ie lds , the genotypes were grouped accord ing to mor -
photypc , and the i nd i v i dua l pod y ie lds regressed
against the mean y ie lds of the exper imenta l env i ron -
ments (F ig .3) . The regression l ines presented in F i g .
3 demonstrate that runner var iet ies y ie lded compara-
t ive ly we l l i n o therwise l o w - y i e l d i n g env i ronments ,
but that as the y ie lds increased, re f lec t ing better e n v i -
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B u n c h y . = 1 , 1 7 x - 1 1 . 0 8
Runner y = 0 . 8 6 x + 1 2 . 3 8
Figure 1. The relationship between shelling percent'
age of runner and bunch groundnuts in differeni
environments.
B u n c h y = 8 0 . 8 - 1 1 . 8 x
R u n n e r y = 7 2 . 3 - 5 . 8 x
P o d v o l u m e ( cm 3 )
Figure 2. The relationship between shelling percent-
age and pod size of groundnut varieties with runner
and bunch growth habits.
Bunch y = 1.08x-106.9
Runner y = 0 . 1 1 x + 9 9 8 . 9
Figure 3. Yield stability of runner and bunch
groundnut genotypes in various calcium supply
environments.
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ronments (Ca, water, and other considerat ions), then
the bunch types ou tpe r fo rmed than runners . Perhaps
w i t h mo re improved runner types the cross over
w o u l d occur at a h igher y i e l d .
M a n y o f the p o d y ie lds observed in th is study are
fa i r l y l ow , but fa l l w i t h i n the range o f y ie lds repor ted
earl ier in these env i ronments (Boote 1983). M o r e i m -
por tan t ly , she l l ing percentage at the lower y i e l d levels
was less than no rma l for many genotypes, but h igher
for the d ispersed pods of the runner types. There fo re ,
where Ca++ nu t r i t i on was p robab ly a factor con t r ibu t -
ing to the l ow y ie lds (a l though the y i e l d potent ia l o f
runner cu l t i vars was apparent ly lower than that of the
bunch types) , the fe r t i l i t y was better rea l ized at l ow
soi l f e r t i l i t y , or mois ture level . Despi te the lower
y ie lds in g o o d env i ronments , the h i gh stabi l i ty o f p o d -
f i l l ing of the runners is of great interest because i t is
l i ke ly that the breeder can base cor rect ions of y i e l d
potent ial on low pa r t i t i on ing .
These data show that better f i l l ing of pods can be
achieved by us ing genotypes ei ther w i t h smal l pod
size or the runner habi t . However , i f gypsum is sup-
p l ied one must ant icipate that the most ef f ic ient use of
l im i t ed appl icat ion w o u l d be achieved by the bunch
types.
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Discussion
Freire: 1. " P o p s " par t i cu la r ly occur on l igh t sandy
soils and in drought -prone areas (ma in l y late-season
drought ) . Runners are no rma l l y long-durat ion
groundnuts. H o w do y o u see this p rob lem? 2 . H o w
d i d you compute the env i ronmenta l y ie ld?
Williams: 1. The long durat ion o f runners is st i l l a 
p rob lem, but have the breeders t r ied to create a short-
durat ion runner? 2. The env i ronmenta l means are the
treatment means for each comb ina t ion of ca l c ium and
i r r iga t ion .
Anders: I f y o u select for a runner type in a marg ina l
env i ronment , w o u l d you not then create a s i tuat ion
where the add i t ion o f fe r t i l i zers ' m i g h t be uneconomi -
cal because of the h igher value o f so i l requ i red to
raise levels?
Williams: Yes, I agree to ta l ly . Inputs are most ef fec-
t ive w i t h bunch types. However , for m u c h o f A f r i c a ,
access to these inputs by groundnut producers is un-
l i ke l y in the near fu ture because of the greater re -
sponse to fe r t i l i zer f r om other crops. I t h ink that the
breeders, th rough their use of inputs , have biased
themselves towards the bunch types.
Syamasonta: I f runner groundnuts are less suscept-
ib le to " p o p s " than bunch types, w h y is M G V 4 
( I C G M S 42 ) , a bunch type, less susceptible to " p o p s "
than M G S 2 (M 13), a runner type?
Williams: A number o f factors contr ibute to the oc-
curence of " p o p s " . I C G M S 42 may be better for a 
number of other reasons. Pod size or ca lc ium uptake
ef f ic iency, for example, may be impor tant in dec id ing
the d i f ference. Ano ther poss ib i l i ty is that season
length may expose M 13 to more drought than
I C G M S 42 .
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Influence of Soil Type on the Adaptation
of Groundnut Genotypes
R.C. Nageswara Rao, L.J. Reddy, and S.N. Nigam
 1 
Abstract
Several t r i a l s conduc ted a t I C R I S A T Center showed that the per fo rmance o f g roundnu t on Vert isols
was genera l ly p o o r compared w i t h that on A l f iso ls . There was a s t rong s o i l type x genotype
in terac t ion , suggest ing specif ic va r ie ta l adap ta t ion f o r s o i l type. Phys io log ica l studies revealed that
wh i l e c rop g r o w t h rates a re greater on A l f i so ls , they a re l i nea r l y re la ted to those measured on
Vert isols (R = 0 7 7 ) . However, p o d g r o w t h rates a n d p a r t i t i o n i n g o f d r y mat ter to pods showed a 
s t rong s o i l type x genotype in te rac t ion , suggest ing that the genotypes developed on the A l f i so l may
ma in ta i n re la t ive r ank ing f o r to ta l d r y mat ter on Vert isol , bu t not necessari ly f o r p o d y ie lds .
Resumo
I n f l u e n c i a do t i po de so lo na adap tacao dos genot ipos de a m e n d o i m . M u i t o s ensaisos conduzidos
no I C R I S A T centro demost ra ram que o compor tamento do amendo im nos vert isolos f o i geralmente
pobre comparado com dos al f iso los. Houve f o r t e in teragao t ipo do so lo x genot ipo. Suger indo se
var iedades especif icas p a r a adap ta - las ao t ipo de so lo. Estudos f is io log icos reve laram que en-
quanto as percentagens de crescimento da cu l tu ra sao grandes nos a l f iso los elas sao l inearmente
re lac ionadas p a r a estas medidas nos vert isolos (R = 0 7 7 ) . Porem, a percentagem de crescimento
de vagens e p a r t i c i p a c a o de mate r ia seca p a r a vagens demost rou f o r t e interagao t ipo de so lo x 
genot ipo, suger indo se que os genot ipos cu l t ivados nos a l f iso los podem manter re la t iva ca tegor ia
p a r a mater ia seca t o t a l nos vert isols, mas nao necessariamente p a r a a p roducao de vagens.
Introduction
Groundnu t (Arachis hypogaea L. ) is an impor tant
cash c rop g r o w n on a w ide range of soi ls and c l imates
in the semi -a r id t ropics ( V i r m a n i and Piara S ingh
1986). In add i t ion to deve lop ing genotypes w i t h to ler-
ance for b io t ic and abiot ic stresses, the adaptat ion of
genotypes to va r ied env i ronments is one of the ma jo r
prob lems faced by g roundnu t improvement programs
(Branch and H i l d e b r a n d 1989). So i l f e r t i l i t y p rob lems
that are l i ke l y to be ve ry d iverse and locat ion-speci f ic
can be overcome to some extent by use of fe r t i l i zers
and other amendments. However , the inherent phys i -
cal propert ies o f so i l also va ry w i t h so i l type ( E l -
S w a i f y and Ca ldwe l l 1991), and are par t i cu la r l y i m -
por tant for g roundnut , w h i c h has a subterranean f r u i t -
i ng habi t .
A l t h o u g h some in fo rma t ion is avai lable on the ef-
fect o f var ious components o f the env i ronment , the
nature o f the l im i ta t ions imposed by so i l cond i t ions to
groundnut g r o w t h and y i e l d are not c lear ly under-
s tood, m a i n l y because o f c l imat i c factors in teract ing
w i t h the per fo rmance of genotypes at d i f fe ren t sites.
I t is therefore impor tant to determine whether h i g h -
y i e l d i ng genotypes developed on one so i l t ype are
adapted to other so i l types.
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At ICRISAT Center, A l f i so l s and Ver t iso ls occur
in close p r o x i m i t y , thus fac i l i ta t ing the study o f c rop
g r o w t h in d i f ferent so i l types but under ident ical c l i -
matic conditions.
Soil Type x Genotype Interaction
Several t r ia ls conducted at I C R I S A T Center w i t h ad-
vanced breed ing l ines indicated that the per fo rmance
of groundnut on Ver t iso ls was general ly poor c o m -
pared w i t h that on A l f i so l s (Table 1). In the t r ia ls , the
soi l type x genotype interact ion was s igni f icant .
Dur ing the 1987 / 88 and 1988 / 89 postrainy seasons,
we examined the effect of the two soil types on the
growth and y ie ld of four genotypes grown under i r r i -
gated and drought-stressed condit ions. The four ge-
notypes ( ICG 1326, I C G V 87128, I C G V 87160, and
I C G V 86635) were subjected to four i r r igat ion regimes.
T , : Adequate i r r i ga t i on
T 2 : D rough t imposed b y w i t h h o l d i n g i r r i ga t ion
d u r i n g f l o w e r i n g
T 3 : D rough t imposed b y w i t h h o l d i n g i r r i ga t ion
d u r i n g pod-set
T 4 : D rough t imposed b y w i t h h o l d i n g i r r i ga t ion
d u r i n g pod f i l l i n g
The three drought reg imes ( T 2 , T 3 , and T 4 )
spanned 25-30 days. C rop g r o w t h rates were est i -
mated f r o m plants sampled at 10-day intervals d u r i n g
crop g r o w t h .
The poo led data over the t w o seasons indicate that
the total d r y matter ( T D M ) on the A l f i s o l ranged f r o m
10-12 t ha-1 and dec l ined progress ive ly to 6-7 t ha -1 as
the drought occu r red later in the season. However ,
I C G V 86635 recorded s ign i f icant ly greater T D M o n
the A l f i s o l compared w i t h other genotypes in T 1 , T 2 ,
and T 3 . The mean p o d d r y matter ( P D M ) on the A l -
f isol was 3.5 (±0.5) t ha-1 in T1 , and was pro-
gressively reduced to 2.0 (±0.5) t ha-1 in T4 w i t h no
genotypic var ia t ion .
On the Ver t iso ls , the mean T D M was 6.0 (±0.25) t 
ha-1 , a l though the drought treatments d i d not s ign i f i -
cant ly affect the d r y matter p roduc t ion . However , p o d
y ie l d ranged f r o m 1.0 to 1.5 t ha-1 in T1 and was
reduced to less than 0.5 t ha-1 in T 3 . I C G V 86635,
w h i c h had super ior pod y i e l d on the A l f i s o l (more
than 3.5 t ha-1 in T , ) , had the lowest y ie lds on the
Ver t iso l (less than 1 t ha-1), w h i l e I C G V 87160
showed super ior per fo rmance on Ver t iso ls w i t h pod
yie lds about 1.5 (±0.3) t ha-1 in T1,. I C G V 87160 was
also least in f luenced by drought .
Table 1. Mean pod yield (t ha-
1
) of groundnut genotypes from breeding trials grown on Alfisols and Vertisols at
ICRISAT Center during the 1987/88, 1988/89, and 1990/91 postrainy seasons (values within brackets indicate the
percentage coefficient of variation).
Pod yield (t ha-1)
No. of
Season entries
1987/88 4 
1988/89 16
25
4
1990/91 25
16
16
** p < 0.01. 
Alfisol
3.39 ±0.122
(11.6)
3.81 ±0.154
(7.0)
3.17 ± 0.225
(12.3)
2.02 ±0.092
(15.7)
3.49 ± 0.178
(8.9)
2.49 ± 0.152
(10.6)
2.52 ±0.212
(14.6)
Vertisol
1.29 ±0.131
(10.2)
1.48 ±0.127
(14.9)
1.06 ±0.148
(24.3)
0.61 ±0.083
(19.1)
1.56 ±0.169
(18.8)
0.81 ±0.144
(30.9)
0.76 ±0.101
(23.0)
Soil x genotype
(F value)
4.86**
6.83**
3.07**
8.21**
4.95**
2.97**
3.17**
16
Control
Early drought
Mid-season drought
Terminal drought
SE
ICG 1326
ICGV 87128
ICGV 87160
ICGV 86635
ICG 1326
ICGV 87128
ICGV 87160
ICGV 86635
ICG 1326
ICGV 87128
ICGV 87160
ICGV 86635
ICG 1326
ICGV 87128
ICGV 87160
ICGV 86635
13.9
11.5
12.1
16.1
12.9
10.9
12.5
13.8
10.0
10.1
9.8
10.1
8.9
8.1
8.1
9.7
±0.024
11.2
9.6
9.0
10.9
8.7
8.1
9.2
8.1
7.0
7.7
7.2
7.5
6.1
5.3
5.1
6.3
±0.011
80
83
75
67
66
73
61
58
70
76
73
74
73
65
64
65
±2.3
9.2
8.7
8.7
10.9
8.0
8.6
9.1
8.2
6.6
3.5
6.8
6.0
5.7
5.6
7.0
7.2
±0.014
4.7
4.7
5.2
4.5
3.8
4.4
4.5
3.5
2.6
2.3
3.7
2.5
4.0
3.3
4,2
2.9
±0.091
54
56
60
43
48
56
50
42
43
48
55
47
58
58
61
43
±2.3
The c rop g row th rates (CGRs) on the A l f i s o l were
4 0 % greater than on the Ver t i so l in T1 (Table 2) . On
both soi ls , the C G R s dec l ined the later the drought
occur red in the season. Drough t d u r i n g the p o d - f i l l -
ing phase ( T 4 ) reduced PGRs by about 4 5 % on the
A l f i s o l , wh i l e the reduct ion in PGRs on the Ver t iso l
in a s im i la r treatment was on l y 2 2 % . However , the
pod-set phase ( T 3 ) appeared more c r i t i ca l for d rought
on the Ver t i so l , where the PGRs dec l ined by more
than 4 0 % . Par t i t ion ing of d r y matter to pods (p) was
s ign i f icant ly less on the Ver t i so l , a l though some ge-
notypes were able to ma in ta in p on both the soi ls.
The cor re la t ion of g row th rates between the two
soi l types indicated that the C G R on A l f i s o l was pos-
i t i ve ly corre lated (R = 0 .77** ) w i t h the C G R on Ver-
t i so l , but there was no such re lat ionship for PGR (R = 
0.52) and p (R = 0.38) between the two soi l types.
These results imply that h igh-y ie ld ing genotypes
developed on A l f i so ls may mainta in relative rank ing
for total d r y matter on Vert isols, but not for pod yields.
However, i t appears that product iv i ty of groundnut can
be improved on Vert isols by developing varieties w i t h
specific adaptation to this part icular soi l type.
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Table 2. The mean crop growth rate (CGR), mean pod growth rate (PGR), and partitioning of dry matter to pods (p) of
four groundnut genotypes grown on Alfisol and Vertisol at ICRISAT Center during the 1987/88 and 1988/89 postrainy
seasons.
Treatment Genotype
Alfisol
CGR PGR
(g m -2 d -1)
P
Vertisol
CGR PGR
( g m - 2 d -1)
P
(%)
Discussion
Ndunguru: C o u l d y o u expand you r w o r k to inc lude
cl imate? Since y o u have data on bo th reg iona l and
internat ional t r ia ls , th is w o u l d enable us to see h o w
your proposal fits in to var ious agroc l imat ic zones.
Bas ica l l y , this entails ana lyz ing the data in re t rospec t
Nageswara Rao: I agree that the results c o u l d be
expanded. W i t h the G I S system recent ly insta l led at
I C R I S A T Center, we can n o w analyze in ternat ional
t r ia ls and l ook at the adaptat ion of genotypes to var-
ied envi ronments w i t h a to ta l ly new perspect ive.
Nigam: The on l y p rob lem is that we are not get t ing
prompt feedback on i n fo rma t ion f r o m the interna-
t ional t r ia ls that we send to A f r i c a n countr ies .
Syamasonta: D o n ' t y o u t h i nk i t w o u l d have been
better to inc lude both V i rg in ia and Spanish types in the
exper iment to ob ta in m o r e comple te var ieta l i n fo rma-
t ion?
Nageswara Rao: I n the t r ia ls presented, we inc luded
on ly Spanish types. We have not yet inc luded Vi rg in ia
bunches or runners , a l though we hope to inc lude
them in fu ture w o r k .
Olorunju: O u r cho ice o f var iet ies for d i f fe rent eco-
log ica l zones has thus far been based on c l imate, ra in -
f a l l , e t c , w i t hou t cons ide r ing the effects o f so i l . Is i t
possib le that when we int roduce the soi l factor we
may end up w i t h i n fo rma t ion that contradicts pre-
v ious f ind ings? Is the soi l factor much more impor -
tant than the other c l ima t i c condi t ions combined?
Nageswara Rao: So i l is an impor tan t factor for the
adaptat ion of a c rop l i ke groundnut w i t h subterranean
f r u i t i n g hab i t . T h e p rob lem o f adaptat ion becomes
impor tant when the b reed ing p rog ram occurs on one
type of so i l and genotypes are evaluated on other soi l
types. W h a t I am stressing in my paper is that apart
f r o m c l imat i c factors, specif ic adaptat ion to soi l types
shou ld also be considered where appl icable.
Freire: Select ion fo r specif ic adaptat ion is c o m m o n l y
accepted. Bu t w h y spend t ime and money on select ion
fo r Ver t iso ls i f other crops l i ke soybean or sunf lower
m i g h t be h igher y i e l d i ng , better adapted, and more
economica l l y valuable?
Nageswara Rao: G r o w i n g other crops in host i le so i l
env i ronments is one of the opt ions. However , chang-
ing of crops at the fa rmer ' s level invo lves consider-
able t ime and introduces s igni f icant soc ioeconomic
considerat ions. Speci f ic adaptat ion o f genotypes o f
the crops already g r o w i n g in a g iven env i ronment
shou ld therefore be cons idered.
Chiteka: Specif ic adaptation creates a prob lem w i t h
seed avai labi l i ty . Wha t in format ion is there concerning
soi l type d is t r ibut ion across di f ferent zones in India and
how is this incorporated into the testing sites?
Nageswara Rao: I f one is hop ing for improvement in
y ie ld of groundnut, specific adaptation of cul t ivars
should be considered. In India, the groundnut -growing
area is d iv ided into six agroecological zones based on
agrocl imat ic and soi l factors. The national tr ials at the
pre l im inary level are common throughout these zones.
Subsequently, however, on ly entries that pe r fo rm wel l
are promoted to the advanced tr ials. The national eval-
uation system considers both specific and general adap-
tat ion, and varieties are released zonewise and
nat ionwide. Scope exists to improve the present system
in the l ight of specific adaptation of cul t ivars.
Anders: I n what season d i d y o u conduct these t r ia ls
and how m u c h impor tance do you g ive to soi l x sea-
son interact ions?
Nageswara Rao: A l l results presented in this paper
were obta ined d u r i n g the postra iny seson. We have
not yet examined soi l x season interact ions.
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Performance of Elite Groundnut Varieties in Ethiopia
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Abstract
Th is paper reviews the per formance o f el i te variet ies o f g roundnut in E th iop ia under three
ag roc l ima t i c cond i t ions to determine the po ten t ia l o f g r o w i n g the c rop in the count ry . Cur ren t
p roduc t ion status, constra ints, a n d breeding objectives a re examined. Released a n d recommended
variet ies a re ind ica ted a n d f u t u r e c rop improvement p lans discussed.
Resumo
C o m p a r t a m e n t o de a l g u m a s variedades de el i te de a m e n d o i m na E t i op i a . Este a r t i g o f a z revisao
ao compor tamento de a lgumas var iedades de el i te de amendo im na E t iop ia em tres zonas
agroc l imato log icas p a r a de te rminar o p o t e n t i a l do crescimento da cu l tu ra no pa is . Estado a c t u a l
da p roducao , l imi tacoes, object ivos e desenvolvimento de novas p lantas sao examinados. Var-
iedades recomendadas e l iber tadas sao ind icadas t ambem; os p ianos do melhoramento f u t u r o da
cu l tu ra sao tambem descut idos neste a r t i go .
Introduction
Groundnut (Arachis hypogaea L.) has been g rown by
smal l farmers in E th iop ia since the ear ly 1920s
(Yeb io W o l d e m a r i a m 1983), par t i cu la r ly in the nor th -
ern and eastern parts o f the count ry . The l o w - l y i n g
regions (less than 1600 m above sea level) in the
southern and western prov inces (Welega, I l lubabor,
G o j a m , and G a m u Gofa) are also potent ia l ly suitable
for groundnut cu l t i va t ion . These regions are h igh -
ra in fa l l areas, rece iv ing over 600 mm du r i ng the
g r o w i n g seasons.
The current total p roduct ion area of groundnut in
Eth iop ia is 40 000 ha, w i t h an average p roduc t i v i t y o f
1.25 t ha (Table 1). Bo th area and p roduc t i v i t y have
been increasing unt i l 1987 when drought and p r i c i ng
pol ic ies affected agr icu l tura l p roduc t ion .
Groundnu t is a mu l t ipu rpose c rop in E th iop ia .
Roasted seeds are d i rec t l y consumed and crushed
I. Research Officer. Institute of Agricultural Research. P.O. Box 2003, Addis Ababa, Ethiopia.
Wakjira, Adugna. 1992. Performance of elite groundnut varieties in Ethiopia. Pages 21-24 in Proceedings of the Fifth Regional Groundnut
Workshop for Southern Africa, 9-12 Mar 1992, Lilongwe, Malawi (Nageswara Rao, R.C., and Subrahmanyam, P., eds.J. Pataneheru,A.P,
502 324, India: International Crops Research Institute for the Semi-Arid Tropics.
Table 1. Area, production, and average pod yield of
groundnut in Ethiopia, 1979-88.
seeds are added to var ious types of dishes, thus p ro -
v i d i n g a good source of proteins and fats. In the East,
h igh qual i ty edib le o i l is extracted f r o m groundnut
and cakes are made f r om the rema in ing cake as a 
valuable foodstuf f . Shells are also used for fuel and as
organic fer t i l i zer in many regions.
Besides its super ior food value, groundnut p ro -
vides a source of cash for resource-poor fa rmers . As
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Area ('000 ha)
Production
('000 t)
Yield (t ha-1)
1979-81
33
27
0.83
1986
46
53
1.15
1987
40
50
1.25
1988
40
50
1.25
an expor t c rop , groundnut earns bad ly needed fo re ign
cur rency for the coun t r y -ove r U S $ 2 m i l l i o n in 1989
(Adugna 1991).
In areas where cereals ( p r i m a r i l y maize and sor-
ghum) are cu l t i va ted, g roundnut is a sui table rotat ion
crop that contr ibutes to sustainable agr icu l tu re by
ma in ta in ing so i l f e r t i l i t y and b reak ing pest and d is -
ease cycles.
Since 1976, four var iet ies have been released.
These are Shu lami th (1976), Nc 4X (1986), Nc 343
(1986), and I C G 7794 (1988). C r o p dura t ion o f these
variet ies ranges f r o m 130 to 160 days. The i r y ie lds are
5.0-7.0 t ha-1 under i r r i ga t i on and 2 .3 -5 .01 h a - 1 under
ra in fed condi t ions.
Product ion constraints o f g roundnut in E th iop ia
include drought stress, poor cu l tu ra l pract ices, insu f f i -
cient suppl ies of improved seeds, insect pests (par t ic -
u lar ly termites and b o l l w o r m s ) , and leaf spot
diseases. Inadequate extension services, the lack of
f a rm tools and implements , and poor incent ives have
also cont r ibu ted to poor c rop p roduc t i v i t y .
C rop improvement w o r k was in i t ia ted in the
mid-1960s to overcome these p rob lems, w i t h the ma-
j o r emphasis on the ident i f ica t ion o f h igh -y ie ld ing ,
w ide l y adaptable var iet ies for the ma jo r g r o w i n g
areas. Present b reed ing object ives are d i rec ted to-
wards deve lop ing new cu l t i va rs w i t h h igher y i e l d ,
more o i l content, better she l l ing percentage, and y i e l d
stabi l i ty over seasons and across locat ions. Shor t -du-
rat ion var iet ies fo r d r y and short-season areas are also
desirable, w h i l e var iet ies w i t h resistance to ear ly and
late leaf spot are needed in the h igh ra in fa l l regions in
western E th iop ia .
Materials and Methods
F ie ld exper iments were conducted in three
agroecologica l reg ions: i r r iga ted , h igh - ra in fa l l , and
low- ra in fa l l areas. T h r o u g h these exper iments , E th io -
p ian scientists have endeavored, since 1972, to idenr
t i f y var iet ies w i t h better per fo rmance than the local
landraces. The env i ronmenta l cond i t ions under w h i c h
the var iet ies were tested are summar ized in Table 2.
Comple te ly randomized b l o c k designs w i t h four r ep l i -
cat ions were used. Be fo re the 1980s, improved v a r i -
eties were in t roduced f r o m the U S A ; since then, they
have come f r o m I C R I S A T .
Exper iments were sown between June and Ju ly .
M o s t f a rm operat ions ( sow ing , cu l t i va t ing , weed ing ,
and harvest ing) were done manua l l y . The except ions
were p l o w i n g and d i sk i ng , w h i c h were done w i t h
tractors. S ing le seeds were sown in 2-4 cm deep
holes, spaced 10 cm apart. R o w spacing was 60-80
c m . In most cases, nei ther fer t i l i zers nor chemicals
were app l ied. In the i r r iga ted sites, 10-12 cm water
were appl ied at intervals of 2-3 weeks, depending on
the weather condi t ions.
Results and Discussion
Irrigated areas
Pod y ie l d at the four i r r iga ted locat ions ranged f r o m
3.5 to 6.5 t ha-1 (Table 3) . The y ie lds at the i r r iga ted
locat ions where cot ton is g r o w n commerc ia l l y by
state fa rms were very impress ive-somet imes as h i g h
Melka Ten-
Abobo
Altitude (m) 530
Temperature (* C)
Maximum 35
Minimum 18
Annual rainfall 600-
(mm) 900
Soil type clay
loam
Asossa Didessa
1550
30
14
800-
1000
clay
1200
30
15
900-
1300
sandy
loam
Fincha
1530
28
13
600-
1000
sandy
clay
Beles
1200
30
13
800-
1000
clay
loam
Tedelle
1670
26
11
900-
1300
clay
werer
750
38
18
300-
400
+ Irrig.
silty
clay
loam
daho
380
40
20
80-
200
+ Irrig.
sandy
loam
Gode
315
40
25
200-
300
+ Irrig,
clay
loam
Arba
Minch
1400
33
16
250-
350
+ Irrig.
clay
loam
Babile
1650
29
14
450-
600
sandy
clay
Bisi-
dimo
1450
32
15
400-
500
sandy
clay
Meiso
1600
30
15
300-
500
Vertisol
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Table 2. Summary of environmental conditions of groundnut testing sites in Ethiopia.
Locations
Yield
Locations (t ha-1) Genotypes
Melkawerer 6.0---6.5
(Eastern Rift Valley)
Tcndaho (Northeastern 3.7-4.7
Rift Valley)
Gode (Eastern, 3.5--4.2
Wabi-Shebele Basin)
Arba Minch 5.0-5.4
(Southern Rift Valley)
Shulamith, Virginia
bunch, Nc-2
Virginia bunch, MN
383, Congo
Abadir, Dire Dawa,
Nc-2
Bamby, Nc-5,
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as 8.0 t ha - 1 (Yeb io et.al . 1986) on exper imenta l plots.
On the larger plots, at least ha l f of this amount can be
real ized, mos t l y f r om the large-seeded Virg in ia bunch
types that are usual ly better y ie lders than the va len-
cia/spanish types.
In spite of these h igh y ie lds, however, the state
farms d i d not adopt the groundnut cu l t i va t ion , ma in l y
because of po l i cy issues, h igh labor costs, and lack of
proper mach inery for she l l ing , sow ing , cu l t i va t ion ,
and harvest ing operat ions. Nevertheless, i f proper ag-
r icu l tura l po l i cy prevai ls for the pr ivate farms and
small-scale farmers in these i r r iga ted zones, g round-
nut can undoubtedly become prof i tab le and serve as
an al ternat ive c rop in rotat ion w i t h cot ton.
High rainfall areas
Pod yields in the h igh ra in fa l l areas ranged f rom 1.7
t ha--1 at Asossa to 5.3 t ha -1 at Didessa (Table 4) . The
re la t ive ly l ow y i e l d at Asossa was at t r ibuted to h i g h
incidence o f termites and damage by w i l d an imals .
A l l these el i te var iet ies were V i rg in ia types (ssp
hypogaea), and wh i l e I C G 2518 and I C G 2519 were
runner types, the rest were bunch types. I C G 7794
had super ior per fo rmance across the three locat ions
and was l icensed for release in 1988 under the name
Roba. A l l these three var iet ies ( I C G 2518, I C G 2519,
and I C G 7794) were in t roduced f r o m I C R I S A T i n
1982.
Low Rainfall Areas
Bab i le and B i s i d i m o sites in eastern E th iop ia , w i t h
marg ina l ra in fa l l , represent the ma in g roundnut -
g r o w i n g regions o f E th iop ia . S im i la r var ieta l per fo r -
mance was recorded at K o b o and Humera in nor thern
Eth iop ia (Adugna 1991).
A t Bab i le and B i s i d i m o , I C G 2518 and I C G 7794
yie lded on par w i t h local contro ls , w h i l e I C G 273
y ie lded s igni f icant ly lower than the local contro ls at
these locat ions. However, at Me i so , I C R I S A T l ines
showed super ior per formance compared w i t h the lo -
cal controls (Table 4) .
The First International Trials
Four o f 36 I C R I S A T variet ies gave excel lent p o d
yields at four locat ions, exceeding the local cont ro l
( N c - 4 X ) by 28 to 8 5 % over the 3 years of test's. At the
i r r igated site o f Melkawerer , I C G S 69 y ie lded near ly
as much as the cont ro l . ICGS 63 and I C G S 65 per-
fo rmed wel l at Babi le and Me iso ( low- ra in fa l l sites)
and also had higher o i l percentages (Table 5 ) , These
genotypes are in the process of release to farmers .
Varieties Didessa Fincha
ICG 273
ICG 2518
ICG 2519
ICG 7794
Manipintar
Code 02
Nc 4x (control)
-
-
5.3
4.5
4.2
4.8
-
-.
4.0
3.6
3.7
3.4
Abobo Beles
-
-
3.3
3.9
3.2
2.9
..
-
2.6
2.9
3.9
2.6
Asossa Babile Bisidimo
-
-
2.5
1.7
2.8
1.8
1.7
2.4
2.6
2.8
2.4
1.5
2.1
2.4
2.7
2.6
Meiso
1.1
1.0
1.1
0.5
0.9
23
Table 3. Mean dry pod yields of elite groundnut
genotypes in irrigated locations of Ethiopia, 1972-80.
Table 4. Mean pod yield (t ha
-1
) of some elite groundnut varieties at high and low rainfall locations in Ethiopia, 1985-90.
High rainfall locations Low rainfall locations
Table 5. Mean yield and other desirable agronomic characters of the top performed varieties of the some ICRISAT-
introduced genotypes In Ethiopia, 1988-90.
Locations
Melkawerer
Tedelle
Abobo
Babile
Meiso
Varieties
ICGS 69
ICGS 84
ICGS 62
ICGS 63
ICGS 65
Yield
(t ha-1)
6.2
4.4
3.4
2.9
1.4
Percentage
over control
1.2
28
66
51
85
Oi l
(%)
47
48
48
53
51
Shelling
(%)
64
-
58
66
56
Duration
(days)
133
152
152
141
146
Future Research
The fu ture g roundnut improvement p rogram i n E th i o -
p ia w i l l focus o n f i v e m a i n po in ts .
• Deve lopment of h i g h - y i e l d i n g , shor t -dura t ion , and
drought- to lerant var iet ies, espec ia l ly for d r y
areas.
• Screening for var iet ies fo r resistance to ear ly and
late lea f spot fo r h i g h ra in fa l l locat ions.
• St rengthening extension capab i l i t y to disseminate
the avai lable p roduc t ion technologies.
• Fur ther co l labora t i ve research w i t h I C R I S A T .
• Conso l ida t ion of the b reed ing p rogram by ad-
dress ing labor and mater ia l needs.
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Discussion
Syamasonta: 1. H o w long is the g r o w i n g season in
Eth iop ia? 2. W h a t is the al t i tude of the g r o w i n g
areas? 3. W h a t types of groundnut are g r o w n : V i rg in ia
or Spanish?
Adugna Wakjira: 1. A b o u t 6 months: M a y to Oc to -
ber. 2. Be low 1600 m above mean sea level . 3. The
Vi rg in ia types are most c o m m o n l y g r o w n ,
Olorunju: 1. H o w serious is the disease p rob lem in
your h igh ra in fa l l regions? 2 . No t m u c h was said
about shor t -durat ion var iet ies: do y o u g row any for
the drought areas?
Adugna Wakjira: 1. B o t h ear ly and late leaf spots are
constraints in the h i gh ra in fa l l areas. A study done
d u r i n g the mid-1980s showed a y i e l d loss of about
3 0 % due to these diseases. 2. So far the released
cu l t i va rs , as we l l as loca l landraces, are long-dura t ion
Vi rg in ia types. I C G 273 , w i t h a durat ion of 100-115
days, however, is in the p ipe l ine .
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Groundnut Production and Research in Eastern Kenya
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Abstract
G r o u n d n u t (A rach is hypogaea L.) cu l t i va t ion in Kenya has r ema ined l ow desp i te i ts su i tab le
a g r o e c o l o g i c a l zones f o r p r o d u c t i o n o f the c rop . I n the eastern p a r t o f the count ry , seed y ie lds o f
0 . 5 0 - 1 2 9 t h a - 1 were reco rded between 1984 a n d 1990. Potent ia l f o r expansion o f cu l t i va t i on in th is
reg ion is h i g h . The p r o d u c t i o n system a n d reg iona l constra ints a re descr ibed in th is paper . A 
va r ie ta l adap ta t i on t r i a l was conduc ted by the Kenya A g r i c u l t u r a l Research Inst i tu te ( K A R I ) a t
E m b u Centre in M a r c h 1991. Fo r t y - two imp roved I C R I S A T g roundnu t var iet ies a n d a l o c a l cu l t i va r
were sown in a rep l i ca ted t r i a l . Ana lys i s o f the results i nd i ca ted s ign i f icant di f ferences a m o n g
var iet ies f o r y i e l d a n d o ther character is t ics . Yie lds o f up to 2.6 t ha - 1 were achieved. Fu tu re
research a i m e d a t i m p r o v i n g the y i e l d a n d qua l i t y o f g roundnu t i n the reg ion are ou t l ined .
Resumo
Produqao e investigacao de amendoim na Kenya oriental. O cu l t i vo de amendo im (Arach is
hypogoae L.) em Kenya tern s ido permanentemente ba ixo apesar das suas zonas ag roc l ima to log icas
serem favordve is . Na po r t e o r i en ta l do pa i s rendimentos de amendo im de 0.50 a 1.2 t h a ' 1 f o r a m
regis tadas entre 1984 e 1990. O po tenc ia l p a r a a expansao da a rea de cu l t i vo e a l to . Os sistemas de
p roduqao e os fac to res l imin tantes estao descr i tos neste a r t i g o . Um ensaio de adaptacao de
var iedades f o i conduz ido pe lo Ins t i tu to de invest igacao ag ronom ica de Kenya ( K A R I ) no centra de
E m b u em 1991. Quaren ta e duas var iedades de amendo im me lhoradas de I C R I S A T e uma var iedade
l o c a l f o r a m semeadas num ensaio em repet icoes. a ana l ise dos resesultados most rou uma di ferenca
s ign i f ica t iva entre as var iedades em rend imento e out ras caracter is t icas. Rendimentos ate 2.6 t ha -1
f o r a m a t ing idas . Futuras invest igacoes com vista a aumenta r o rend iman to e me lho ra r a qua l idade
do amendo im estao de l ineadas.
Introduction
Groundnu t cu l t i va t i on in K e n y a is smal l compared
w i t h that o f other crops. M o s t of the produce is used
loca l l y for con fec t ionery , but the potent ia l for o i l ex-
t ract ion is h i g h . I f this potent ial c o u l d be f u l l y ex-
p lo i ted , the coun t r y w o u l d be re l ieved of the heavy
impor t costs present ly i ncu r red for vegetable o i l . I t is
est imated that the coun t r y is spend ing in excess of
K s h 2 b i l l i o n annua l ly to impo r t vegetable o i l . T h e
quant i ty impor ted represents about 8 0 % o f the na-
t ional requ i rement ( M i n i s t r y o f A g r i c u l t u r e 1988).
A p a r t f r o m its use as an o i lseed, g roundnut is also
benef ic ia l to the fa rmers when rotated w i t h cereals in
d r y and i r r iga ted f a r m i n g systems, as i t cont r ibutes to
soi l enr ichment and n i t rogen economy. A l s o , the
d r i e d or f resh hau lms and o i l cake are good an ima l
fodder and concentrate (S ingh and Rut to 1991).
Groundnu t p roduc t ion is m a i n l y concentrated in
w a r m , h u m i d areas, par t i cu la r l y a long the coastal and
lake regions (Western and Nyanza Prov inces) . The re
are, however, scattered pockets o f p roduc t i on in the
R i f t Va l ley and Eastern Prov inces.
1. Research Scientist, and Agronomist, Kenya Agricultural Research Institute. P.O. Box 27, Embu, Kenya.
Kimwaki, J.W., and Irungu, J.W. 1992. Groundnut production and research in eastern Kenya. Pages 25-28 in Proceedings of the Firth Regional
Groundnut Workshop for Southern Africa. 9-12 Mar 1992. Lilongwe, Malawi (Nageswara Rao, R.C., and Subrahramanyam. P.. eds.). Patancheru,
A.P. 502 324, India: International Crops Research Institute tor the Semi-Arid Tropics.
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I n the Western , Nyaza , and R i f t Va l ley Prov inces,
groundnut is mos t l y g r o w n be low 1500 m above mean
sea level (ms l ) w i t h annual mean temperatures of
2 1 - 2 4 ' C . On the coast, the c rop is g r o w n at m u c h
lower al t i tudes (less than 4 0 0 m ) , w i t h temperatures
o f 24-27 . C .
Production Practices in Eastern Kenya
In the eastern r e g i o n , g roundnut is m a i n l y g r o w n in
the marg ina l co t ton zone ( L M 4 ) and the lower m i d -
l and l i ves tock -m i l l e t zone ( L M 5 ) o f M e r u D is t r i c t .
These zones are f ound between 710 and 1280 m above
ms l w i t h a mean annual temperature of 21-24°C and a 
mean annual ra in fa l l o f 1000 m m for L M 4 and 800
mm for L M 5 . Ra in fa l l occurs d u r i n g the October -
December pe r i od ( l ong rains) and the M a r c h - M a y
pe r i od (shor t ra ins) .
T h e c rop is m a i n l y g r o w n in smal l ho ld ings bet-
ween 0.5 and 1.0 ha, usua l ly in pure stands, but some
farmers in tercrop i t w i t h crops l i ke maize (Zea mays),
so rghum (Sorghum bicolor), cassava (Man iho t es-
culenta), sunf lower (Helianthus annus), or cot ton
(Gossypium hirsutum). It is g r o w n d u r i n g both the
long and short ra ins. I t is sown in Oc tober and har-
vested in February in the long- ra in season; and d u r i n g
the shor t - ra in season i t is sown in M a r c h and har-
vested in Ju ly . S i n g l e - p l o w i n g is done in the mon th
preced ing the sow ing .
Farmers g r o w thei r o w n seeds o f local var iet ies
(e.g . , E x - M e r u ) to w h i c h they apply no fe r t i l i zer a t
sow ing t ime . T h e c rop is sown in rows , 1-2 seeds per
h i l l at a spac ing of 45 x 7 c m . A few fa rmers spray
fo l i a r fe r t i l i ze r tw i ce a season. H a n d hoes are used for
weed ing t w o to three t imes each season. Harves t ing ,
th resh ing , and she l l ing are done manua l l y . The local
var ie ty has seed y ie lds rang ing between 0.5 and 1.29 t 
ha - 1 and seed size o f about 45 gm 100-seed mass. T h e
produce is so ld at K s h 7 kg - 1 to stores in M e r u t o w n ,
about 50 km f r o m the fa rms.
T h e most c o m m o n diseases are leaf spot (Cer-
cospora arachidicola) and root rot ; w h i l e c u t w o r m s ,
b o l l w o r m s , termi tes , and squ i r re ls are the ma jo r
pests.
Production Constraints
• Seed acqu is i t ion is a ma jo r constra int to p roduc-
t i on because there are no g roundnu t seed agents in
the coun t r y . Imp roved cu l t i va rs that w o u l d p roba-
b l y be h ighe r -y ie ld ing and resistant to diseases
and pests are u n k n o w n .
• Because the loca l var ie ty takes 5 months to ma -
ture* i t a lways suf fers when d rought occurs.
• T h e t i l lage me thod used in this reg ion ( p l o w i n g
w i t h oxen) l im i ts the cu l t i va ted area to smal l man -
ageable p lots .
• There is general lack of know ledge of appropr iate
technologies among the fa rmers .
• Labor - in tens ive manua l f a rm and postharvest op -
erat ions l i m i t the area under cu l t i va t i on .
• The marke t i ng in f rast ructure for the c rop is inade-
• quate. Farmers must t ransport their produce long
distances on pub l i c t ransport . The l o w p roduc t ion
c o u l d be a ma jo r cause of this p rob lem. A l s o , the
pr ices o f fe red for the produce are qui te d iscourag-
i n g to the growers .
Present Research Focus and Preliminary
Varietal Trials
The area under cu l t i va t ion is present ly est imated at
1080 ha ( M i n i s t r y of A g r i c u l t u r e 1990) and consider-
able scope to extend i t exists. O u r research focus is to
extend this area and to m a x i m i z e p roduc t ion . T h e
strategy is to ident i fy potent ia l areas in both t rad i -
t ional and new zones and to int roduce improved va r i -
eties best adapted for the speci f ic agroecologica l
zones. Potential areas i n L M 4 and L M 5 zones o f
E m b u d is t r ic t have been ident i f ied in close co l labora-
t ion w i t h I C R I S A T , our ma jo r source o f ge rmp lasm.
To in i t iate the w o r k , a p r e l i m i n a r y var ie ta l t r i a l
i nc lud ing 42 I C R I S A T groundnut var iet ies and one
local cu l t i va r was conducted at K A R I ' s Regiona l Re-
search Centre, E m b u , in M a r c h 1991. E m b u is situated
at lat i tude 0° 3 0 ' S and long i tude 37° 2 7 ' E in the
upper m i d l a n d subhumid zone, the m a i n cof fee zone
(Jaetzold and Schmid t 1983). It stands at 1470 m 
above msl w i t h a mean annual m a x i m u m temperature
o f 2 6 0 C and a m i n i m u m o f 1 4 ° C
T h e area has b imoda l ra in fa l l w i t h annual average
ra in fa l l o f 1081 m m . T h e ra iny seasons occur f r o m
M a r c h to M a y ( long rains) and f r o m October to D e -
cember (short ra ins) . The average ra in fa l l d u r i n g the
long rains is 340 m m , and that of the short rains is
240 m m . The soi ls o f the area are we l l d ra ined , very
deep, da rk redd ish b r o w n , f r iab le c lay , and c lassi f ied
as Eut r i c N i toso ls .
T h e 43 entr ies were sown in a randomized c o m -
plete b l o c k des ign on 27 M a r 1991. T w o repl icat ions
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12
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
Trial mean
SE
C V (%)
ICGV-SM 86708
ICGV-SM 86720
ICGV-SM 86725
ICGV-SM 86734
ICGV-SM 86737
ICGV-SM 86743
ICGV-SM 87723
ICGV-SM 87798
ICGV-SM 87805
Control Ex-Meru
ICGV-SM 88710
ICGV-SM 88711
ICGV-SM 86584
ICGV-SM 86726
ICGV-SM 88701
ICGV-SM 88737
ICGV-SM 88757
ICGV-SM 89742
ICGV-SM 89744
ICGV-SM 89749
ICGV-SM 89778
ICGV-SM 284
ICGV-SM 285
ICGV-SM 286
ICGV-SM 550
ICGV-SM 554
ICGV-SM 83005
ICGV-SM 83011
ICGV-SM 83030
ICGV-SM 85038
ICGV-SM 86051
ICGV-SM 85048
ICGV-SM 85055
ICGV-SM 86004
ICGV-SM 86022
ICGV-SM 86068
ICGV-SM 87019
ICGV-SM 87039
ICGV-SM 87050
ICGV-SM 87053
ICGV-SM 87064
ICGV-SM 87082
ICGV-SM 86061
0.93
1.38
0.71
1.01
0.54
0.30
1.22
0.82
1.41
1.85
0.67
0.37
1.01
0.37
0.26
0.75
0.32
1.40
0.93
0.40
0.69
1.10
2.02
1.57
1.98
1.01
1.38
1.52
0.55
1.28
2.38
1.53
0.48
1.97
1.64
1.60
0.53
2.13
0.69
0.53
2.62
0.84
0.85
1.10
±0.42
53.8
59
53
63
50
44
44
49
54
54
67
46
56
64
53
48
47
58
57
62
58
39
39
56
44
49
38
57
55
56
55
61
56
47
50
44
51
62
61
49
70
70
59
58
53.8
±6.9
18.1
104
86.5
95
79.5
74.0
66
75
74
80.5
44.5
63
67.5
77
74.5
71.5
67.0
80.5
85.5
81.0
75.5
82.0
51.5
52.0
59.0
91.5
79.5
75.5
67.0
62.5
96.0
88.5
62.5
82.5
75.5
76.5
61.5
80.5
61.5
52.5
55.5
58.5
62.5
75.0
72.8
± 5.7
11.1
29.0
7,5
28.0
18.0
12.0
25.0
13.0
19.0
8.0
6.0
11.0
20.0
12.0
17.0
20.0
5.0
16.0
22.0
2.0
19.0
16.0
19.0
13.0
12.0
1.5
0.7
2.0
1.5
0.7
2.0
1.5
7,0
12.0
8.0
19.0
0.7
4.0
4.0
16.0
19.0
17.0
21.0
7.0
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Table 1. Performance of ICRISAT groundnut varieties at the Regional Research Centre, Embu, 1991.
Seed yield Shelling 100-seed Disease
Entry Variety (t ha-1) (%) mass (g) incidence1 (%)
1. Sclerotinia blight.
were made to de te rmine the best adapted var iet ies fo r
eastern K e n y a , Each p lo t had t w o rows o f 34 plants
spaced a t 15 cm i n t a r o w and 40 cm in te r row. T r i p l e
Super Phosphate fe r t i l i ze r (100 kg ha-1) was used at
s o w i n g , and hand weed ing was done tw i ce .
Sign i f icant y i e l d d i f ferences (P<0.05) were re -
corded among var iet ies w i t h I C G V - S M 87064 (Span-
ish type) y i e l d i n g the highest (Table 1). T h i s var ie ty ' s
y i e l d , though not s ign i f i cant ly d i f fe ren t f r o m that o f
the local var ie ty ( E x - M e r u ) , was 4 1 % higher . Spanish
var iet ies genera l ly p e r f o r m e d better than other types
w i t h six among the 10 highest in y ie ld . A m o n g Valencia
types, I C G V - S M 285 and I C G V - S M 550 p e r f o r m e d
w e l l . Hundred-seed mass d i f f e red s ign i f i cant ly
(P<0 .05) a m o n g the var iet ies. I C G V - S M 86708
we ighed 104 g, w h i l e the local var ie ty we ighed the
least (44.5 g ) .
There was h i gh inc idence of Sclerotinia b l i gh t in
th is t r i a l , resu l t i ng in l o w plant stand at harvest and
low y ie lds in most entr ies. Excess ive ly wet cond i t ions
persisted d u r i n g harvest ing, resu l t i ng in harvest de-
lays and reduced y ie lds . Y ie lds in th is t r i a l , however,
ind ica ted that p roduc t ion of m o r e than 2.6 t ha-1 can
be achieved w i t h improved var iet ies and g o o d
management.
T w e n t y entr ies were reta ined for fu r ther evalua-
t ion .
Future Research Programs
In t roduc t ion o f imp roved var iet ies w i l l be cont inued.
Var ie ta l adaptat ion t r ia ls w i l l be conducted in several
sites of the potent ia l agroecolog ica l zones.
M o s t agronomic recommendat ions are general and
were deve loped e lsewhere in the coun t ry . T h e p ro -
g r a m w i l l therefore be geared towards deve lop ing
ef f ic ient l ow - i npu t agronomic packages speci f ic to
d i f fe rent agroeco log ica l zones. These w i l l then be
disseminated to fa rmers th rough extension of f icers
and other appropr ia te channels.
L a c k of ce r t i f i ed seed is a ma jo r constra int of
p roduc t ion in K e n y a . A sound seed mu l t i p l i ca t i on
p rog ram w i l l therefore be in i t ia ted to ensure avai l -
ab i l i t y o f g o o d qua l i t y seed a t the r i gh t t ime and
place.
As p rev ious ly ind icated, g roundnut p roduc t ion in
the reg ion is under taken by resource-poor fa rmers
w h o use hoes and other hand implements for f a r m
operat ions, harves t ing , and she l l i ng . Joint ef for ts w i t h
the eng ineer ing depar tment o f the M i n i s t r y o f A g r i -
cu l tu re w i l l he lp to improve f a r m tools to ease the
fa rmers ' w o r k . Th i s w i l l improve the ef f ic iency o f
p roduc t ion and reduce cost o f p roduc t ion .
Per iod ic surveys fo r p roduc t ion constraints w i l l be
conducted to he lp ident i fy f a rmers ' p rob lems. Re -
search shou ld then be d i rec ted to remove these con -
straints, increase p roduc t i v i t y , and sustain p roduc t ion .
W h e n p roduc t ion increases, the marke t i ng struc-
ture w i l l improve as the b u y i n g agents w i l l have the
courage to go out to the f ie lds and co l lect the produce
themselves. There is, however, need for increased
pr ices in order to st imulate interest among growers to
increase p roduc t ion .
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Discussion
Chiteka: I n Z i m b a b w e , sc lerot in ia b l i gh t presents
prob lems d u r i n g very wet seasons and on i r r iga ted
crops. W h a t is the ra in fa l l in the areas of Kenya
where sc lerot in ia is a p rob lem?
Kimwaki: The region receives an average o f 1081 m m
y e a r 1 and about 240 mm d u r i n g the short ra iny sea-
son. Th i s amount o f ra in fa l l i s qui te h i g h , hence the
development sc lerot in ia b l i gh t .
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Abstract
Since the 1940s, groundnut agronomy research in Malawi has determined the appropriate types and
levels of a wide range of cultural practices intended fo r smallholders with recommended cultivars.
These findings, where appropriate, have become standard fa rm practice. They have been incorpo-
rated into the national extension handbook and used by agricultural administrators to set credit
guidelines and other policies. Groundnuts are currently ranked fourth in national commodity
research importance, with an estimated prior i ty weighting of 9% of total research resources. This
weighting compares with an actual resource usage of 7%. Agronomy is given a weighting of 20% of
the total resources used in groundnuts research, compared with 14% actual usage. Within ground*
nut agronomy, the highest priori ty research category is the evaluation of breeders' varieties f o r
yield adaptation and "pops".
Resumo
Investigaqao agronomica de amendoim em Malawi Anteriores sucessos e prioridades de investi-
gacao. Desde 1940 a investigacao agronomica de amendoim em Malawi tern determinado niveis
apropriados e uma vasta gama de praticas culturais recomendaveis para os pequenos agricultores.
Estes resultados eram apropriados, comecaram a ser uma pratica padrao (standard) para estes
agricultores. Tern sido incorporado no manual nat ional de extensao e usado pelos administradores
de agricultura para trassar linhas de creditos em outros lugares. O amendoim aumentou quatro
vezes a sua prioridade na investigaqao com urn peso pr ior i tdr io estimado em 9% do total dos
recursos. Este peso compara se com 7% do uso actual dos recursos. Agronomia e dado um peso de
20% do total dos recursos usados na investigacao de amendoim comparado com 14% do uso
actual. Dentro de agronomia de amendoim, a mais alta categoria de prioridade de investigacao e a 
avaliacao das variedades reproductoras para adaptacao e consistencia de vagens.
Introduction its fourth most important export crop. National policy
objectives are to increase groundnut production,
Groundnuts are important for smallholder agriculture mainly through increases in yield. It is felt that in-
and for the national diet in Malawi. They contribute creased output w i l l :
significantly to dietary requirements in most parts of • reduce import requirements for edible oi ls;
the country and provide more than 25% of all small- • increase exports of confectionery nuts;
holder cash income. Groundnut accounts for approx- • improve the quality of smallholder diets; and
imately half of Malawi 's supply of edible oils and is • significantly improve smallholder cash income.
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G r o u n d n u t p r o d u c t i o n , however , has dec l i ned
f r o m 80 0 0 0 t she l led nuts equ iva lent in the
mid -1980s to 20 0 0 0 t a t present , due p r i m a r i l y to
seed shortages and the e ros ion o f p ro f i t ab i l i t y o f
g roundnuts c o m p a r e d w i t h o ther p r i n c i p a l c rops .
Nonetheless, g roundnu t research has reco rded s i g n i f i -
cant achievements, and cont inues to en joy h i g h p r i o r -
i ty w i t h i n the overa l l ag r i cu l tu ra l research p r o g r a m .
T h e mate r ia l presented in th is repor t i s taken f r o m
a research p l a n n i n g exerc ise present ly be ing i m p l e -
mented by the Groundnu ts C o m m o d i t y Research
T e a m . T h e resul ts o f th is exerc ise w i l l be w r i t t e n up
as an " A c t i o n P l a n " in late 1992. T h e mate r ia l fo r the
achievements sect ion o f th is r epo r t was ob ta ined p r i -
m a r i l y f r o m recent A n n u a l Research Repor ts by the
G r o u n d n u t C o m m o d i t y Team (Groundnu t C o m m o d -
i ty Team 1991), w h i l e the p r i o r i t i e s sect ion is based
p r i m a r i l y on a comprehens ive depar tmenta l repor t
w h i c h establ ished research p r i o r i t i e s and p roposed
resource a l locat ions to research fo r 1991-95 (Depa r t -
ment o f A g r i c u l t u r a l Research 1991).
Achievements
G r o u n d n u t research in M a l a w i i s cu r ren t l y conduc ted
by a m u l t i d i s c i p l i n a r y research team ca l l ed the
Groundnu ts C o m m o d i t y Research T e a m , based a t
Ch i tedze A g r i c u l t u r a l Research Stat ion. T h e team
consists o f one pa tho log is t , t w o b reeders , and t w o
agronomists . T h i s co re team under takes its o w n re -
search, and s imu l taneous ly cooperates w i t h o ther re -
search teams inves t iga t ing aspects such as adapta t ion ,
f a r m m a c h i n e r y , economics , and f a r m i n g systems
research.
O v e r a l l constra ints to g roundnu t p roduc t i on in
M a l a w i are :
• use of l o w - y i e l d i n g var ie t ies ;
• a n a r r o w g e r m p l a s m base;
• i n fe r i o r cu l tu ra l techniques;
• the preva lence of ea r l y lea f spot and rosette d i s -
eases (Sub rahmanyam 1983); and
• ex tended d r y spel ls w i t h i n the g r o w i n g season.
Ag ronom is t s are charged w i t h the deve lopment o f
appropr ia te cu l tu ra l pract ices fo r g roundnu t cu l t i va rs
i n the m a j o r g r o u n d n u t - g r o w i n g areas o f M a l a w i .
N i n e ag ronomic research thrusts ( l i s ted be low) have
been incorpora ted in to the Ex tens ion H a n d b o o k ( D e -
par tment o f A g r i c u l t u r e 1991). Fa rmers have w i d e l y
adopted the app l icab le techno log ies , m a n y o f w h i c h
have become standard f a r m i n g pract ices t h roughou t
the coun t r y .
1. Crop rotations
L o w so i l n i t rogen is a m a j o r l i m i t i n g factor in most
so i ls . W h e n g roundnu t f o l l o w s a we l l - f e r t i l i zed ma ize
or tobacco c r o p , i t benefi ts f r o m the res idua l n i t rogen
fe r t i l i ze r ( B r o w n 1965).
On deep fe r rug inous so i ls , g roundnuts tend to suf-
fer less setback than un fe r t i l i zed ma ize or tobacco ,
w h e n s o w n after a p lowed-ou t Rhodes grass ley .
O n h ighe r fe ra l l i t i c so i ls w i t h m a r k e d su lphur and
n i t rogen de f i c iency , app l i ca t ion o f g y p s u m increases
groundnu t y i e lds ; o the rw ise , g roundnuts shou ld be
s o w n after a c rop of ma ize or tobacco that has had a 
moderate d ress ing o f sulphate o f a m m o n i a o r s ing le
superphosphate.
T h e m a x i m u m safe f requency o f a c r o p p i n g sys-
tem that inc ludes g roundnu t in a ro ta t ion was f o u n d to
be 1 year in 3 at Ch i tedze .
2. Fertilizers
T h e e l i m i n a t i o n o f " p o p s " t h rough soi l f e r t i l i t y
changes has not yet been f ound poss ib le ; however , on
fera l l i t i c so i ls , bo th g y p s u m and ca lc i t i c l imes , e i ther
incorpora ted in to the so i l before s o w i n g or app l ied a t
the pegg ing stage, have resu l ted in some reduc t ion in
" p o p s " , and in increased she l l i ng percentage and seed
y i e l d .
P r e l i m i n a r y resul ts show that i ncorpora t ion o f p o -
tass ium sulphate in to the so i l at s o w i n g can increase
she l l i ng percentage by up to 10%.
A l t h o u g h y i e l d responses to fe r t i l i ze rs were sub-
stant ia l in some cases, responses to potass ium su lp -
hate, sulphate o f a m m o n i a , urea, and phosphorus
were genera l l y l o w and inconsistent ( B r o w n 1965).
3. Plant configuration and population
U n d e r g o o d management cond i t i ons , o p t i m a l p lant
popu la t i on was 60 0 0 0 - 9 0 0 0 0 plants ha - 1 fo r a l l rec-
o m m e n d e d var ie t ies a t 90 cm between r i dges , and a 
popu la t i on o f 111 0 0 0 plants ha-1 a t 60 cm between
r idges. T h e except ion was the var ie ty M a l i m b a ,
w h i c h had an o p t i m a l popu la t i on o f 120 000-140 0 0 0
plants ha - 1 a t 90 cm between r idges ,
S o w i n g a s ing le seed per h i l l resul ts in s l i gh t l y
l o w e r y i e l d than s o w i n g t w o seeds per h i l l ( B r o w n
1965); however , no s ign i f i can t d i f fe rence in y i e l d was
ob ta ined fo r the var ie ty C h a l i m b a n a us ing one o r t w o
seeds per h i l l ( o n one o r t w o rows per r i dge a t e i ther
7 0 c m o r 9 0 c m between r idges .
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A l t h o u g h 60 and 75 cm distances between r idges
produced super ior qua l i t y seeds f r o m both runner and
semi -bunch groundnuts -as opposed to 90 c m - t h e o p -
t i m a l conf igura t ion for fa rmers i s 90 cm comb ined
w i t h interplant spac ing o f 15 cm (10 cm for M a l i m b a )
and one seed per h i l l . T h e 90 cm spac ing, rather than
60 cm o r 75 c m , i s chosen fo r convenience to fa rmers
since most use the 90 cm r i dge spacing for thei r
maize.
4. Time of sowing
T h e op t ima l t ime for s o w i n g cu l t i vars in M a l a w i i s a t
the onset of the ra ins, or as soon as possible thereaf-
ter. For example , us ing Cha l imbana , late s o w i n g ( i .e . ,
1-3 weeks after the onset of the rains) resul ted in
2 0 - 5 0 % y i e l d losses.
5. Weed control
The c r i t i ca l pe r i od a t w h i c h Cha l imabana y i e l d and
qual i ty is af fected by weed compet i t i on is 30 -50 days
after emergence (Ch iyembekeza and Sibale 1986).
T h i s pe r i od co inc ides w i t h peak f l ower ing and pod -
set.
In i t ia l weed ing is better i f done not mo re than 5 
weeks after sow ing . For a l l the recommended g round -
nut var iet ies in M a l a w i , the c r i t i ca l weed ing t ime fal ls
35-45 days after c rop emergence.
Studies at Chi tedze have shown that by 45 days
after emergence of groundnuts , a lmost al l the ma jo r
weeds ( N i c a n d r a spp, Elensine i nd i ca , and Com-
me l ina spp) tend to ou tg row the groundnut c rop and
restr ict the canopy. Y i e l d losses o f 4 0 % resul ted were
recorded when weed ing was delayed by 35 days for
var ie ty Cha l imbana , b y 3 2 % for M a n i Pintar, b y 2 0 %
for M a w a n g a , and b y 4 5 % for M a l i m b a . M a l i m b a
was the most sensit ive to weed compet i t i on .
6. Diseases
Fung ic ide appl icat ions to con t ro l leaf spots and rust
were e f fec t ive , par t i cu la r l y in h i g h a l t i tude areas;
however, use of these fung ic ides by fa rmers was rare
due to the h igh pr ices p reva i l i ng between 1986 and
1991 ( M w e n d a and Cusack 1987 and 1988, K i s y o m b e
1987).
Cu l tu ra l pract ices such as ear ly s o w i n g , c lose
spac ing, and maintenance o f o p t i m a l p lant stand re -
duced the inc idence of rosette disease. R G I , a rosette-
resistant cu l t i va r developed in M a l a w i , was suc-
cessfu l ly establ ished as a recommended var ie ty in
rosette-susceptible areas.
7. Harvesting
Under adequate ra in fa l l over a 4 -mon th p e r i o d , R e d
Valenc ia must be l i f ted at 90-100 days fo r op t ima l
y i e l d , after w h i c h sprout ing in the p o d and damage to
the pegs occu r red . W i t h do rman t var iet ies such as
M w i t u n d e , date of l i f t i ng is not so c r i t i ca l , a l though at
least 130 days g r o w t h shou ld be a l l owed and the
plants must be l i f ted before the stems tu rn b lack at
about 160 days.
In the hotter and dr ie r c l imates o f the m e d i u m and
lower a l t i tude areas, nondormant shor t -durat ion v a r i -
eties can mature in about 120 days, and must soon
thereafter be l i f ted before the stems d ie and the pegs
become weak, resu l t ing in s igni f icant y i e l d loss. S i m -
i l a r l y , long-dura t ion dormant var iet ies are best le f t fo r
140-150 days before l i f t i ng .
8. Labor requirements
I t is est imated that an average hand-cu l t iva ted c rop
(hoed tw ice and weeded once) , y i e l d i ng 0.8 t ha - 1
shel led nuts, requires 80-100 person days of labor
( f r o m land-c lear ing to de l i ve r i ng unshel led nuts to a 
store).
On a per task basis, us ing 1 person day , 0 .04 ha
can be sown , 0.04-0.06 ha can be hoe-weeded,
0.04-0.08 ha can be hand-pu l led of large weeds, 0.06
ha can be hoe - l i f t ed , 22.7-27.3 kg unshel led nuts can
be hand-s t r ipped, 45.5 kg nuts can be shel led us ing a 
hand-operated she l l i ng mach ine , and 4.5 kg shel led
nuts can be hand-shel led ( B r o w n 1965),
9. Intercropping
Groundnu t y ie lds are reduced by 5 6 - 7 0 % compared
w i t h sole c rop y ie lds when groundnuts are m i x e d
w i t h ma ize . The ta l ler ma ize c rop develops m o r e rap-
id l y and mainta ins a compet i t i ve advantage over the
s lowe r -g row ing and shorter g roundnut c rop . T h e
maize i tse l f does not suf fer any y i e l d loss.
I n g roundnut /ma ize in te rc ropp ing , M a n i P in tar
outy ie lds Cha l imbana , R G 1 , S A C 5 8 , and M a l i m b a
(Ed je 1981).
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Priorities
Groundnuts are present ly ranked f ou r th in nat ional
c o m m o d i t y research impor tance beh ind ma ize , roots
and tubers, and l ivestock, but ahead of other g ra in
legumes and co t ton (Depar tment o f Ag r i cu l t u ra l Re-
search 1991). In terms of use of resources, as a p ro-
po r t i on of total research resources, g roundnut is g iven
a w e i g h t i n g o f 9 % , 2% less than the present a l locat ion
to groundnuts ( 7 % ) . A c t u a l resource a l locat ions to
groundnuts have var ied between 5 and 10% in recent
years, and i t is expected that cur rent a l locat ions w i l l
increase to a lmost 10% f o l l o w i n g the re tu rn o f three
professionals in late 1992 (after t ra in ing abroad).
W i t h i n the groundnut c o m m o d i t y research team,
overa l l p r io r i t i es have been indicated (Depar tment o f
Ag r i cu l t u ra l Research 1991) (Table 1), The groundnut
team is responsib le fo r research in b reed ing , agron-
o m y , and plant p ro tec t ion , w h i c h together are g iven a 
we igh t i ng o f 6 0 % , w i t h b reed ing be ing g iven the
largest i nd i v idua l research area we igh t i ng . T h e other
research d isc ip l ines are g i ven 4 0 % of the total
we igh t i ng . In terms o f total resources used, b reed ing
present ly attracts 5 0 % o f a l l f und ing , w i t h agronomy
in second place w i t h 14%. Other research areas ap-
pear to be s im i l a r l y under funded. However , the pat-
tern o f resource a l locat ion corresponds to the
establ ished p r io r i t i es .
Research area
Breeding
Agronomy
Plant protection
Irrigation/drainage
Farm machinery
Agroforestry
Adaptive research
Crop storage
Soils
1990/91
Priority
weighting
(%)
30
20
10
5
10
5
10
1
3
Socioeconomics/statistics 5 
Food science/
postharvest
Total
1
100
Actual
1990/91
weighting
(%)
50
14
7
7
9
1
3
1
4
3
1
100
total
resources
used
(Kwacha)
262 006
74 859
37 429
36 707
45 908
4 601
14 867
3 270
22 691
16 990
3 2 7 0
522 598
1. This table excludes resources used to provide direct ser-
vices to farmers through extension, such as implementa-
tion of the smallholder groundnut seed production
scheme.
W i t h i n groundnut agronomy, p r e l i m i n a r y est i -
mates o f research p r io r i t i es were ranked in accor-
dance w i t h the expected extent that a g iven proposa l ,
i f successful ly researched, w o u l d result in p roduc t ion
increases by fa rmers (see Depar tment o f Ag r i cu l t u ra l
Research 1991, Sect ion 2, f o r a detai ls of the rank ing
cr i te r ia ) . T h e co re ac t i v i t y o f eva luat ing breeders '
var iet ies for y i e l d adaptat ion and resistance to " p o p s "
is g iven highest p r i o r i t y , and the deta i led rev iew of
past fe r t i l i ze r w o r k , in te rc ropp ing , and rotat ion are
g iven intermediate p r i o r i t y . I t shou ld be noted that
these are p r e l i m i n a r y ind icators o f research impor -
tance w h i c h w i l l be mod i f i ed d u r i n g the w r i t i n g o f
the A c t i o n P lan.
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Discussion
W i l l i a m s : I 'm concerned about the retent ion o f 90
cm r idges. Th is must result in y ie ld l im i t ed by l igh t
in tercept ion. Can ' t th is system be m o d i f i e d to a l l o w
h igher popu la t ion to increase y ie ld? W h a t about
g r o w i n g on the f la t , o r m a k i n g fu r rows a t 90 cm rather
than r idges , o r hav ing t w o rows per r idge? Idea l l y ,
rad ia t ion intercept ion shou ld be complete e i ther at
f lowering or shor t ly after that stage.
Nyirenda: Past research on var ie ty Cha l imbana
showed that sow ing on one or t w o rows per r i dge o f
e i ther 0.68 m or 0.91 m distance between r idges re -
sults in y ie lds that are not s ign i f icant ly d i f fe rent .
Singa: R idge sow ing in M a l a w i is a b lanket r e c o m -
mendat ion to conserve so i l . In pract ice, fa rmers f ind
i t easier to sow on r idges when ro ta t ing crops, as most
crops (e.g. , maize) do we l l a t 90 cm spacing. M e c h a -
n izat ion makes this j o b easier. Recent research has
made specif ic recommendat ions as to where f lat sow-
ing shou ld be done, depending on the slope.
Chiteka: W h y is the var ie ty Mawanga d i f f i cu l t to
store under f a rmers ' condi t ions?
Cusack: Farmers responded that Mawanga was d i f f i -
cu l t to store because of its h i gh o i l content.
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Groundnut Production and Research in Namibia
D J . M . Marais
1
Abstract
N a m i b i a i s a d r y coun t r y w i t h a n a t i o n a l r a i n f a l l average o f less t han 3 8 0 mm y e a r - 1 Assoc ia ted
w i t h th is l o w r a i n f a l l i s a n average a n n u a l evapora t ion rate o f 2 3 0 0 m m a n d a d a i l y ra te o f 1 5 m m
d u r i n g the g r o u n d n u t - g r o w i n g season. A ma jo r i t y o f g roundnu t p r o d u c t i o n i s l o c a t e d in the N o r t h -
east o f the coun t ry where r a i n f a l l averages more than 5 0 0 mm y e a r - 1 Cu l t i va t i on i s conduc ted
p r i m a r i l y by c o m m e r c i a l f a r m e r s . A s m a l l amoun t o f g roundnu t i s g r o w n in i r r i g a t e d areas such as
the K a r d a p Scheme in the South . Ma ize (23 0 0 0 ha) a n d m i l l e t (more than 5 0 0 0 ha ) a re Namib ia ' s
p r i m a r y c rops . App rox ima te l y 4 5 0 0 ha o f g roundnu t a re g r o w n . Th is paper descr ibes the p r o d u c -
t i on inputs a n d ag ronom i c p rac t i ces used by f a r m e r s .
Resumo
Namibia: investigacao e produqao de amendoim. N a m i b i a e urn pa i s seco com med ia a n u a l de
p rec ip i t aqao i n f e r i o r a 3 8 0 m m . Assoc iado a esta ba ixa p r i n c i p i t a q d o tern uma med ia a n u a l de
evaporaqdo de 2 3 0 0 mm e uma m i d i a d i d r i a de evaporacao de 15 mm duran te o pe r i odo de
cresc imento, a m a i o r p roduqdo de amendo im e f e i t a no nordeste do pa i s onde a p rec ip i taqao med ia
4 supe r io r a 5 0 0 mm p o r ano . O cu l t i vo de a m e n d o i m m i f e i t o p o r agr icu l to res comerc ia is . Pequena
quan t idade de a m e n d o i m 4 cu l t i vada nas zonas de regad ios como k a r d a p scheme no su l . M i l h o
( 2 3 0 0 ha) e maxoe i ra ma is que ( 5 0 0 0 ha ) sao cu l turas p r i m d r i a s de N a m i b i a . A m e n d o i m 4 
cu l t i vada numa a rea de 4 5 0 0 ha ap rox imadamonte . Este a r t i g o descreve os " i n p u t s " de p r o d u c a o e 
as p ra t i c as ag rondmicas dos agr i cu l to res .
Production
In N a m i b i a , g roundnut i s m a i n l y p roduced be c o m -
merc ia l fa rmers . Seed is not p roduced in the coun t r y ,
w i t h mos t fa rmers ob ta i n i ng seed f r o m South A f r i c a .
Soil preparation
Befo re s o w i n g , the so i l is p l o w e d to a depth o f 20-25
cm in order t o bu r y debr is f r o m the p rev ious c rop
(genera l ly ma ize ) . A f t e r p l o w i n g , the seedbed is p re -
p a r e d N o r m a l l y , no fe r t i l i ze r i s app l ied because
groundnu t i s sown f o l l o w i n g ma ize , w h i c h receives
1. Senior Research Officer, Department of Agriculture and Rural Development, P.O. Box 788, Grootforttein, Namibia.
Marais, D.J.M. 1992. Groundnut production and research in Namibia. Pages 35-37 in Proceedings of the Fifth Regional Groundnut Workshop
for Southern Africa, 9-12 Mar 1992, Lilongwe, Malawi (Nageswara Rao, R.C., and Subrahmanyam, P., eds.). Patanoheru, A.P. 502 324, India:
International Crops Research Institute for the Semi-Arid Tropics.
substant ial fe r t i l i ze r inputs. S o w i n g is done between
20 November and 15 December.
Plant population
Average p lant densi ty is 150 0 0 0 plants ha - 1 . Plants
are s o w n i n 9 0 - c m rows w i t h approx imate ly 7.5 cm
between plants.
Weed and pest control
Weeds are con t ro l l ed bo th chemica l l y and manua l l y .
A l t h o u g h chemica ls are usual ly emp loyed to con t ro l
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pests and diseases, p r i m a r i l y on commerc ia l fa rms,
smal lho lder farmers re ly on c rop rotat ions to reduce
pests and diseases to tolerable levels.
Harvesting
Groundnut is general ly harvested manua l l y , w i t h p o d
yie lds averaging 0 .8 -0 .9 t ha -1
Constraints
There are f ive m a i n constraints to groundnut produc-
t ion in Nam ib i a .
1 . L o w ra in fa l l .
2 . The preference of maize product ion over that o f
groundnut .
3. Sma l lho lders ' access to seed is restr ic ted because
of underdeveloped extension services in many
rura l areas.
4 . A c i d soi ls .
5. Draft animals are often weak at the start of the
growing season (attributed to long dry season),
wh ich results in delayed land preparation and
sowing.
Research
1990/91 growing season
The Regional Groundnut Var iety Tr ia ls were sown at
Mahanene and Mthoms t Research Stations. A l l ge-
notypes sown were Spanish types. S o w i n g details are
shown in Table 1.
Altitude
Sowing date
Spacing: row
Spacing: plants
Rain before sowing
Rain after sowing
Mahanene
1100 m 
17 Jan
7.5 cm
20 cm
25 mm
384 mm
Mthomst
1500 m 
8 Jan
90 cm
20 cm
122 mm
165 mm
1991/92 season
T w o tr ia ls were sown at Mahanene and M thoms t Re-
search Stations.
1 . 1991/92 S A D C C Reg iona l Var ie ty T r i a l
2 . Four th Internat ional Ear l y Groundnut Var ie ty
T r i a l
An addi t ional t r i a l was sown at Mahanene Re-
search Stat ion. Th i s t r ia l consisted of 18 segregat ing
populat ions f r o m crosses b red for short durat ion (har-
vest at 85 days) and dormancy .
In addit ion, 12 cult ivars f rom South A f r i ca were
sown at Sonop Research Station, northeast of Groot fon-
tein in the middle of the groundnut production area.
Future Research
Because Nam ib ia is a count ry where drought stress is
c o m m o n , i t is impor tant that agr icu l tura l researchers
focus on this constraint. Three basic act iv i t ies are
envis ioned in future groundnut w o r k in Namib ia .
1. Plant popu la t ion t r ia ls .
2. C rop rotat ion t r ia ls w i t h 1 fa l low year fo r conser-
vat ion of mois ture and 2 years of sole c ropp ing
groundnuts, then maize. The idea is to increase
residual mois ture.
3 . Development o f cu l t ivars w i t h drought tolerance.
It is important to undertake f a r m i n g systems re-
search to help smal lho lder farmers increase their
management sk i l ls . A l t h o u g h product ion by smal l -
holders is present ly very l ow , through the int roduc-
t ion of improved methods and management tech-
niques it is possible to increase groundnut product ion
in N a m i b i a by 100%.
Discussion
Nageswara R a o : 1. Wha t is the extent of acid soils in
Namib ia? 2. Is there any ongo ing research on ac id
soils? 3. A r e groundnuts g rown on ac id soi ls now? 4.
I f not , what are the crops now be ing sown on the acid
soils?
M a r a i s : 1 . M a i n l y in the northeastern area in sandy
soils w i t h h igh ra in fa l l . 2 . No such research is be ing
done at present, a l though it is p lanned in fu ture. 3.
N o . 4 . M i l l e t s .
C u s a c k : 1. Wha t is the d i f ference between " commer -
c i a l " and " s m a l l " farmers? 2. Wha t are the constraints
to smal l farmers in t r y i ng to increase groundnut p ro-
duct ion? Spec i f ica l ly , w h y haven ' t the large increases
in p roduc t ion enjoyed by commerc ia l farmers been
shared by the smal l farmers?
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Table 1. Groundnut trials sown at two sites in Namibia,
1990/91.
Marais: 1. Commerc ia l farmers cul t ivate groundnut Marais: 1. The overa l l s m a l : c o m m e r c i a l fa rmer fig-
pure ly as a cash c rop . Sma l l farmers g row i t fo r their ure is 10:1, but in groundnut p roduc t ion the f igure is
o w n consumpt ion f i rst , and then as a cash c rop. 2. The 1:1. 2. The farmers d o n ' t ignore the maize c rop , they
ma in constraint is the ext reme distance f r o m the f a rm sow groundnut and maize in rotat ion,
to markets. Because groundnut is st i l l g r o w n as a 
subsistence c rop by the smal l fa rmers , and is there-
fore consumed at home, large product ion increases
have not yet occur red . The f irst step is to improve
management. Ndunguru: F rom your presentat ion, i t appears that
the constraints in N a m i b i a are very s im i la r to the ones
Olorunju: 1. Wha t is the p ropor t ion o f smal l farmers in the Sahel. Resources p e rm i t t i ng , I suggest N a m i -
to commerc ia l farmers in Namib ia? 2. Groundnut is b ian par t ic ipat ion in the Regional Workshop at "Qua-
g rown once in 3 years. In the year that the crop is gadougou, 14-17 September 1992, as we l l as the
sown, do the farmers ignore the maize c rop, i.e., do development of l inkages between I C R I S A T Sahel ian
they use a rotat ion system? Center and Namib ia .
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Groundnut Breeding in Nigeria; Past and Present
Achievements
RE, Olorunju and S.M. Misari
1
Abstract
This paper discusses the g roundnut breeding efforts in N i g e r i a , where the c rop is a m a j o r staple
f o o d as w e l l as a cash c rop . I t covers the h is tory o f g roundnut cu l t iva t ion in that count ry f r o m 1928
to the present, describes the breeding achievements, a n d suggests the nature of f u t u r e work .
Resumo
Reproduqao de a m e n d o i m na N i g e r i a exi tos do passado e do presente. Este a r t i go discute os
esforcos na reproducao de amendo im em N ige r i a , onde esta cu l tu ra 6 a l imento bds ico assin como
cu l tu ra comer i ca l . Cobre a h is to r ia de cu l t ivo de amendo im neste pa is desde 1928 ate ao p resen te ,
descreve os ex i tos da p roducao e a natureza do f u t u r o t raba lho .
Introduction
Groundnut (Arach is hypogaea L.) is an impor tant
crop in N ige r i a as i t constitutes a p r inc ipa l source of
prote in and d ietary o i l for both subsistance farmers
and urban dwel le rs . It also prov ides a s igni f icant
source of cash income through sale of seeds, g round-
nut cake, d ie tary o i l , and haulms. In N ige r i a , 0.8-1.2
m i l l i o n ha are sown to groundnut each year w i t h
y ie lds rang ing f r o m 0.8 to 2.5 t ha - 1 .
Between 1956 and 1967, groundnut products, i n -
c lud ing cake and o i l , accounted for some 7 0 % o f total
N ige r i an expor t earn ings, m a k i n g i t the coun t ry ' s
most valuable s ingle expor t c rop. The drought years
of the ear ly 1970s, the unprecedented ep idemic of
groundnut rosette in 1975, and the increasing preva-
lence of rust disease comb ined w i t h in fec t ion by leaf
spot diseases that occur every year resul ted in the
considerable decl ine o f groundnut p roduc t ion after
1967 ( A l a b i et a l . 1990). The focus of research since
then has therefore been on crop improvement . T h i s
paper rev iews the breed ing w o r k that has been done
and h igh l igh ts current b reed ing act iv i t ies , achieve-
ments, and future prospects.
Breeding Objectives and Program
The breeding program in N ige r i a dates as far back as
1928 (Harkness 1977), L o n g - t e r m and shor t - term
breed ing object ives inc lude develop ing genotypes
that have the f o l l o w i n g attr ibutes:
h igh y i e l d w i t h good agronomic character ist ics;
d i f ferent season lengths for the var ious ecolog ica l
zones;
drought tolerance for the Sahel ian and Sudanian
Zones;
h igh nut r i t iona l qua l i t y ; and
pest and disease resistance.
Crosses were made in N ige r i a us ing in t roduct ions
f r o m A m e r i c a , As ia , and A f r i c a . These crosses were
fo l l owed by single plant selections d u r i n g the ear ly
segregat ing generations and by bu l k selections in a d -
vanced generations. Mate r ia l emanat ing f r o m these
crosses plus int roduct ions were tested for y i e l d , qua l -
i ty disease resistance, and other traits such as c rop
durat ion and seed do rmancy . P romis ing l ines f r o m
pre l im ina ry t r ia ls were tested in advanced t r ia ls from
1. Institute for Agricultural Science, Ahmadu Bello University, P.M.B. 1044, Zaria, Nigeria.
Olorunju, P.E., and Misari, S.M. 1992. Groundnut breeding in Nigeria; past and present achievements. Paget; 39-41 in Proceedings of the Fifth
Regional Groundnut Workshop for Southern Africa. 9—12 Mar 1992, Lilongwe, Malawi (Nageswara Rao, R.C, and Subrahmanyam, P., eds.).
Patancheru. A.P. 502 324, India: International Crops Research Institute for the Semi-Arid Tropics.
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w h i c h selections were made for state t r ia ls in order to
determine their per fo rmance under the var ious eco-
logical zones of the count ry .
Research Activities in the First
6 Decades
Breed ing w o r k in the f i rst 4 decades focused on in t ro-
duct ions and select ion as we l l as hyb r id i za t i on and
evaluat ion of the mater ia l for p roduc t i v i t y , disease
resistance, and adaptabi l i ty . The emphasis d u r i n g the
next 2 decades was concentrated on disease resistance
and drought tolerance. The genetic mater ia l / base pop-
ulat ion was therefore w idened by in t roduc ing mate-
r ia l f r om other countr ies in West A f r i c a , A m e r i c a ,
and Asia*
Th i s resul ted in the release of rosette-resistant va-
r iet ies such as M 2 5 . 6 8 and M 5 5 4 . 7 6 , as we l l as in t ro-
duct ions such as R M P 12, R M P 91 and 69-101 to the
farmers. A m o n g the exot ic l ines, 55-437 (ExDakar )
was found to be drought- to lerant but susceptible to
rosette. A l l these recommended variet ies were suita-
ble fo r the N o r t h e r n Gu inean and Guinean Zones
where the ra iny season lasts for 190 days or more w i t h
a total annual ra in fa l l o f 1000-1650 m m . The t rad i -
t ional commerc ia l g roundnut -p roduc ing areas
(Sahel ian and Sudanian Zones and the nor thern ha l f
o f the No r the rn Gu inean Zone) s t i l l need short-sea-
son, rosette-resistant var iet ies.
Current Breeding Activities
(1986 to the present)
Inher i tance of resistance, mechanisms of resistance
to rosette, and ep idemio logy have become the ma jo r
focuses since 1986 because it was apparent that a l l
avai lable rosette resistant var iet ies were long durat ion
and l i t t le i n fo rmat ion was avai lable on the disease.
A disease resistance study was conducted by the
Inst i tute for Ag r i cu l t u ra l Research, Za r i a , in co l lab -
orat ion w i t h the Un ive rs i t y o f Georg ia , U S A I D Pea-
nut Co l labora t ion Research Suppor t Program (Peanut
GRSP) , and the Inst i tute for V in isk rankhe i ten de
Pf lanzen, Braunschweight , Ge rmany . Crosses were
made between resistant and susceptible selections on
shor t - , m e d i u m - , and long-durat ion var iet ies. Selec-
t ions f o l l owed in the ear ly segregat ing generations
were screened us ing the procedure descr ibed by
B o c k and N i g a m (1988). Resul ts o f th is w o r k have
been repor ted by O l o r u n j u et a l . (1991 and 1992).
The p rob lem o f drought i s d i f f i cu l t . T h e Inst i tute
for Ag r i cu l tu ra l Research, Za r i a , recent ly obta ined
mater ia l f r o m I C R I S A T Center, Ind ia , w i t h wh i ch i t
hopes to develop a so lut ion to the p rob lem. Th is w o r k
w i l l invo lve strong co l laborat ion w i t h I C R I S A T
Sahel ian Center, N iger , wh i ch has the fac i l i t ies and
expert ise to conduct the wo rk .
Future Prospects
• The release of a number of m e d i u m - to long-dura-
t ion (more than 120 days), rosette-resistant va r i -
eties w i t h y ie lds rang ing f r o m 2.0 to 2.5 t ha-1.
• Establ ishment of a re l iab le groundnut rosette
screening project .
• Greater understanding of the groundnut rosette v i -
ruses to ensure the adopt ion of prevent ive and
contro l measures.
• Establ ishment of a strong co l laborat ion w i t h other
scienti f ic programs such as Peanut C R S P and
I C R I S A T .
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Discussion
Subrahmanyam: I am surpr ised to know that the
var iety 55-437 was l isted under rosette-resistant l ines
in the Peanut Disease Compenend ium pub l ished by
the A m e r i c a n Phytopatho logy Society. In fact, i t is a 
w e l l - k n o w n standard susceptible cont ro l in rosette re-
sistance screening exper iments in West A f r i c a . I t
must be a typographica l er ror and the edi tors must be
in fo rmed . W h a t is the percentage of disease incidence
on a contro l cu l t i var in you r rosette nursery?
Olorunju: The disease incidence so far has been
100% for the infector rows, except for the first year
when we had 8 0 % infect ion due to the ra infa l l pattern
wh i ch inter fered w i t h aph id populat ions.
Singa: In spite o f your conduct ing screening w o r k for
rosette resistance on several groundnut var iet ies, w h y
was the released var iety found susceptible?
Olorunju: T h e var iety was ident i f ied as a resul t o f
general f ield observat ion as resistant. At that t i m e , a 
re l iable screening procedure had not developed or
adopted in N ige r ia . The procedure cur ren t ly used,
adopted f r om I C R I S A T in 1988, has been ef fect ive
and re l iab le.
Banda: H o w successful were y o u in the greenhouse
exper iments i nvo l v i ng mechanical t ransmission o f
groundnut rosette v i rus conducted to corroborate f ie ld
exper iment results?
Olorunju: The results obta ined f r o m the greenhouse
were s imi la r to the f ield results. Disease progress and
severi ty f o l l owed the same pattern as in the field
exper iments.
Anders: H o w successful have you been in incorporat -
ing disease resistance into commerc ia l l y acceptable
lines?
Olorunju: R M P 12, R M P 9 1 , and M 55476 are ava i l -
able and g r o w n commerc ia l l y . They are acceptable to
farmers, but these variet ies are st i l l unsuitable for the
tradi t ional g roundnut -p roduc ing areas o f N ige r i a be-
cuase they are long-durat ion variet ies and these areas
need shor t -durat ion (less than 110 days) var iet ies.
Mayeux: K H 149A and K H 241D are two short-
durat ion groundnut variet ies w i t h resistance to
groundnut rosette disease. These variet ies cou ld be
evaluated in areas where the g r o w i n g season is short.
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A Review of Groundnut Production and Research in Swaziland
V.M. Mkhonta and Z.1. Mamba
1
Abstract
Groundnut p roduc t ion in Swaz i land has been dec l in ing due to decreasing hectarage d u r i n g the
1970s a n d 1980s. Some progress has been made w i t h the re-establ ishment o f the N a t i on a l G r o u n d -
nut Research P rog ramme, wh ich has not operated f o r 10 years. V i r g i n i a a n d shor t -dura t ion v a r i -
eties have shown promise , a n d in view of current changes in c l imat i c pat terns, these variet ies c o u l d
be wha t the count ry needs to boost its groundnut p roduc t ion .
Resumo
Revisao da invest igacao e p r o d u q a o de a m e n d o i m na Swaz i l and . A p roducao de amendo im tern
dec l inado na Swaz i land p o r causa da reducao de area do seu cul t ivo durante os anos 70 e 1980.
A lguns progressos tern se a lcansado com o restabelecimento do p rog rama nac iona l de invest igacao
que nao tern estado a f u n c i o n a r a 10 anos. As variedades do c ic lo cur to e V i rg i n i a tern se most rado
promissoras e em vista as corentes mudancas c l imat icas, estas variedades podem serem as que o 
pa is necessita p a r a ex ib i r a sua p roducao de amendo im.
Introduction
Groundnut (Arachis hypogaea L.) product ion in Swazi -
land is ma in ly l im i ted to Swazi Nat ion land, wh ich
accounts for 6 0 % of the total hectarage. Groundnuts
are g rown in all four agroecological regions of the
country, but most of the cul t ivat ion occurs in the M i d -
dle Veld . There has been a steady decl ine in the pro-
duct ion of groundnuts in the country f rom 3000 t in the
early 1970s to less than 500 t in the early 1980s. Th is
has been due ma in ly to a decrease in hectarage under
groundnuts (Rao and Masina 1991).
Progress in Groundnut Research
A series of var ie ty t r ia ls conducted since 1988 has
inc luded Spanish, Valencia, and Vi rg in ia types, as we l l
as drought-resistant and shor t -durat ion variet ies. Th is
paper w i l l on ly cover the progress made on t w o t r ia ls ,
the V i r g i n i a and the Shor t -Dura t ion Var ie ty T r i a l s .
Virginia Variety Trial
Th is t r ia l was conducted at Ma lke rns and L u v e Re-
search Stations d u r i n g the 1989/90 and 1990/91 sea-
sons. Fi f teen variet ies were tested in the f irst season
and seven in the second season. These were selected
on the basis of their y i e l d potential and tolerance for
rust and late leaf spot. In 1989/90, each p lo t consisted
of four rows, each 4 m long . In 1990/91, the plots
l i kewise consisted of four rows, but their length was
increased to 6 m. Rows were spaced 60 cm apart in
both years, wh i l e the int ra-row spacing was 10 cm in
1989/90 and 15 cm in 1990/91.
Basal fer t i l i zer was appl ied at a rate of 25 kg N, 38
kg P, and 25 kg K ha - 1 . Manua l weeding was done
three times and ridging was done before the first
1. Research Officer / Weed Scientist, and Grain Legumes Agronomist, Malkerns Research Station, P.O. Box 4, Malkerns, Swaziland.
Mkhonta, V.M., and Mamba, Z.I. 1992. A review of groundnut production and research in Swaziland. Pages 43-45 in Proceedings of the Fifth
Regional Groundnut Workshop for Southern Africa, 9-12 Mar 1992, Lilongwe, Malawi (Nageswara Rao, R.C, and Subrahmanyam, P., eds.).
Patancheru, A.P. 502 324, India: International Crops Research Institute for the Semi-Arid Tropics.
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f lower appeared. Data were co l lec ted f r o m the t w o
center rows .
The f inal p lant stand and seed y i e l d is presented in
Table 1. There were no s igni f icant d i f ferences in p lant
stand a t Ma lke rns in e i ther season. At L u v e , g round-
nut var iet ies I C G V - S M 86715 and I C G V - S M 85718
produced lower p lant popula t ions compared w i t h the
other var iet ies in 1989/90, w h i l e in 1990/91 I C G V -
SM 86715 had a lower plant popu la t ion than the con -
t r o l , M a n i Pintar. Genera l ly l o w p lan t populat ions
were exper ienced at M a l k e r n s due to poor drainage.
Seed y i e l d d i f ferences between variet ies were s ig -
ni f icant at both sites in both seasons. I C G V - S M
86715 produced the highest y i e l d at bo th sites in
1989/90. I C G V - S M 83708 resul ted in a h igher seed
y ie l d than the other var iet ies at Ma l ke rns in 1990/91.
A t L u v e , i n 1990/91, I C G V - S M 86720 produced a 
h igher seed y i e l d than-a l l the other var iet ies except
I C G V - S M 86704 and I C G V - S M 83708.
Short-Duration Variety Trial
Th i s t r ia l was conducted at Ma l ke rns and Nh langano
in 1989/90 and 1990/91. Twen ty - f i ve variet ies were
tested in 1989/90 and eight in 1990/91. Each p lo t con -
sisted of 4 rows , each 6 m long and spaced 60 cm
apart. The plants were spaced 10 cm apart. Basal
fe r t i l i ze r was appl ied at a rate of 25 kg N, 38 kg P ha,
and 25 kg K ha-1. Manua l weed ing was pe r fo rmed
three t imes du r i ng the season.
Results are presented in Table 2. F ina l plant stand
di f ferences between variet ies were s igni f icant in both
Variety 89/90 90/91 89/90
ICGV SM 86715
ICGV SM 86720
ICGV SM 86704
ICGV SM 83708
I C G V S M 85718
Mani Pintar
ICGV SM 86719
Trial Mean
SE
CV (%)
36
38
40
41
37
38
42
39
-
14
23
26
23
35
29
35
22
28
-
26
1.10
0.54
0.56
0.86
0.86
1.03
1.01
0.85
±0.45
35
90/91
1.05
0.92
0.85
1.25
0.85
0.68
0.48
0.88
±0.31
24
89/90
49
61
65
61
50
66
61
59
± 9 
10
90/91
28
44
42
42
38
53
46
42
±18
27
89/90
1.40
1.31
0.98
0.80
0.85
0.68
0.58
0.93
± 0.52
37
90/91
0.00
1.43
1.09
0.92
0.61
0.47
0.44
0.90
±0.59
56
44
Table 2, Plant stand and seed yield of short-duration varieties, 1989/90 and 1990/91.
Malkerns Nhlangano
Plant stand (plot -1) Seed yield (t ha-1) Plant stand (plot-1) Seed yield (t ha -1)
Table 1. Plant stand and seed yield of Virginia Variety Trial.
Malkerns Luve
Plant stand (p lo t 1 ) Seed yield (t ha-1) Plant stand (plot-1) Seed yield (t ha 1 )
Variety
ICGV SM 86016
ICGV SM 86105
ICGV SM 86117
ICGV SM 86015
ICGV SM 86063
ICGV SM 86017
ICGV SM 86103
Natal Common
ICGV SM 86092
Trial mean
SE
C V (%)
89/90
75
73
71
78
83
78
76
71
78
77
±9
8
90/91
53
44
32
22
27
36
37
32
36
36
±11
22
89/90
0.50
0.47
0.43
0.39
0.38
0.36
0.34
0.30
0.19
0.37
±0.17
31
90/91
0.90
0.69
0.64
0.48
0.73
0.78
0.50
0.80
0.72
0.69
±0.36
36
89/90
60
54
62
78
56
60
66
59
67
62
±15
17
90/91
50
36
34
42
37
70
34
53
47
45
±13
20
89/90
0.37
0.33
0.54
0.55
0.43
0.53
0.34
0.51
0.62
0.48
±0.23
32
90/91
0.49
0.48
0.46
0.46
0.65
0.64
0.59
0.46
0.72
0.55
-
32
seasons. I C G V - S M 86063 had a h igher plant popu la -
t ion than N a t a l C o m m o n o r I C G V - S M 86117 a t M a l -
kerns in 1989/90. In Nh langano , I C G V - S M 86015
produced a h igher plant popu la t ion than Natal C o m -
m o n , I C G V - S M 86017, I C G V - S M 86063 , I C G V - S M
86105, and I C G V - S M 86016 d u r i n g 1989/90. Plant
stand was l o w in Nh langano due to a nutsedge weed
prob lem. In 1990/91, I C G V - S M 86016 had a h i g h
plant stand at Nh langano and Ma lke rns . Seed y ie ld
di f ferences between variet ies were s igni f icant in both
seasons at Ma lke rns and Nh langano. I C G V - S M
86092 produced a lower seed y i e l d than I C G V - S M
86063, I C G V - S M 86015, I C G V - S M 86117, I C G V -
SM 86105, and I C G V - S M 86016 a t Ma lke rns in
1989/90. D u r i n g the same season in Nh langano,
I C G V - S M 86092 produced a h igher seed y i e l d than
I C G V - S M 86105. In 1990/91, I C G V - S M 86016 had a 
h igher seed y i e l d than I C G V - S M 86063 at Ma lke rns .
I C G V - S M 86103, I C G V - S M 86016, and I C G V - S M
86063 w i l l be tested on - f a rm in 1992/93.
Achievements
1. The Nat iona l Groundnu t Research Programme,
wh i ch had not funct ioned since 1972, was re-es-
tabl ished, and has been able to conduct mu l t i l oca -
t ion test ing. The re-establ ishment o f this p rogram
was made possible through the ef forts of the
S A D C C / I C R I S A T Groundnu t Project.
2 . An in fo rma l survey on food gra in legume crops
was conducted in 1991. Fa rmers ' prob lems w i t h
groundnut p roduc t ion were ident i f ied.
3. Several g roundnut var iet ies f r om the V i rg in ia ,
Spanish, drought- to lerant , and shor t -durat ion
types have been found p rom is i ng for adaptat ion to
our c l imat ic cond i t ions. Some of these variet ies
w i l l be at the prerelease stage d u r i n g the 1992/93
season.
Future Plans
1. Cont inue par t i c ipa t ing f u l l y in the S A D C C / I C R I -
S A T Groundnu t Project .
2. Conduct a ver i f i ca t ion survey on groundnuts . I t is
hoped that the S A D C C / I C R I S A T Groundnu t Pro-
jec t w i l l assist in f und ing this ac t iv i ty .
3. Start an on - fa rm research p rogram on g r o u n d -
nuts. However , groundnut seed is m o r e d i f f i cu l t to
m u l t i p l y than beans or cowpeas. Bo th technical
and f inancial assistance w i l l be necessary.
4. Adv ise the nat ional p rogram to expand its
groundnut research to inc lude cul tura l pract ices
and other agronomic aspects in add i t ion to v a r i -
etal screening. There is a need to request add i -
t ional Government fund ing since groundnut
cu l t i va t ion is labor- intensive.
Reference
Rao, Y.P., and Masina G.T. 1991. Groundnut d is -
eases and pests in Swaz i land and germplasm evalua-
t ion for resistance. Proceedings of the Second
Regional Groundnut Plant Protect ion Group Tour, 25
Feb to 1 M a r 1991.
Discussion
Bosch: C o u l d y o u tel l us someth ing about the results
of your i n fo rma l survey conducted in 1991?
Mkhonta: We found that in most cases fa rmers do
not apply fer t i l i zers . Even i f they do , the amounts are
neg l ig ib le . Farmers weed tw ice by hand, and the sec-
ond weeding is done wh i l e r i dg i ng . They do not apply
any pesticides.
Olorunju: H o w w o u l d y o u rank the c rop in Swaz i -
land: is i t a ma jor c rop , i.e., among the p r i o r i t y crops?
Mkhonta: Groundnuts are not a major c rop. The sta-
ple food crop is maize, wh i ch covers more than 7 0 %
of the cu l t iva ted land area. Groundnuts rank be low
beans and are g iven l i t t le attent ion. They are more
impor tant in cer ta in areas such as the l ow ve ld .
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Abstract
Th is paper examines past a n d present ag ronomic research on g roundnu t in Tanzania. The d iscus-
s ion covers t ime o f sow ing a n d harves t ing , seed bed types, p l an t popu la t i on , weed management ,
response to fe r t i l i ze rs , a n d in te rc ropp ing . Future strategies f o r ag ronomic studies on g roundnu t a re
suggested.
Resumo
Revisao agronomica de amendoim na Tanzania: estado actual e lacunas existentes. Este a r t i g o
examina o presente e o passado da Invest igacao ag ronomica de amendo im na Tanzania. A d is -
cussao a b a r g a epoca de sementeira e co lhe i ta , metodos de sementeira, densidade de p lan tas ,
con t ro lo das ervas dan inhas , adubacao e consorc iacao. Es t ra t i g i as f u t u ras p a r a estudos
agronomicos no amendo im sao suger idas.
Introduction
Groundnu t is one of several oi lseeds produced in Tan-
zania, the others be ing sunf lower, sesame, coconut ,
cot tonseed, soybean, and castor. However , ed ib le o i l
p roduc t ion is domina ted by cot tonseed and sunf lower.
Groundnu t is m a i n l y used as a f o o d c rop and c o n -
sumed d i rec t l y ( M A L D 1989). Groundnu t o i l p ro -
cessing is therefore on l y an a l ternat ive end use.
Groundnu t p roduc t ion is under taken m a i n l y by
smal lho lders w h o in tercrop i t w i t h a cereal ( so rghum,
m i l l e t , ma ize ) , a legume (p igeonpea) , or cassava.
A l t h o u g h the p r i nc ipa l means o f g roundnut c u l t i -
va t ion in Tanzania is the hand hoe, an ima l power and
tractors are also used. In D o d o m a (Central zone) ,
9 0 % o f the g roundnut area i s hand cu l t i va ted . T h e
m a i n inputs are labor and seed. M o s t fa rmers use no
chemica l fe r t i l i ze rs , a l though i t is repor ted that smal l
quant i t ies o f T S P are of ten used and that f a r m y a r d
manure is app l ied where draf t p o w e r is u t i l i zed
( M A L D 1989).
Since the incept ion o f g roundnut research in Tan-
zania in the ear ly 1940s, the m a i n thrust has been on
var ieta l improvement . Research on groundnuts is cur -
rent ly based at Na l iende le (Nat iona l Oi lseeds R e -
search Programme) and M o r o g o r o (Pulses and
Groundnu t Improvement Pro jec t , Soko ine Un ive rs i t y
o f Ag r i cu l t u re ) .
Th is paper reviews past and present agronomic re-
search and highl ights the major tasks ahead The
groundnut agronomy program has two main objectives.
• To ident i f y the best cu l tura l pract ices (e.g. , spac-
i n g , t ime o f sow ing , and fe r t i l i ze r app l ica t ion and
maintenance) for d i f fe rent var iet ies o f g roundnut .
• To investigate the ro le of g roundnut in loca l f a r m -
i ng pract ices and to r ecommend improved prac-
tices for g roundnut in these systems.
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Time of Sowing and Harvesting
Adverse weather cond i t i ons , pa r t i cu la r l y unre l iab le
ra in fa l l ( N i g a m 1984, Preston e t a l . 1985) have l o n g
been recogn ized as pa r t i a l l y respons ib le f o r the cur-
rent l o w average y i e l d o f 0 .60 t d r y pods ha - 1 , c o m -
pared w i t h the w o r l d average o f 0 .99 t ha-1 . M u c h o f
the g r o u n d n u t - g r o w i n g area receives an average
500 -800 m m ra in fa l l per annum. Since g roundnu t i n
Tanzania i s g r o w n en t i re l y under ra in fed cond i t i ons ,
ra in fa l l in tensi ty and d i s t r i bu t i on are impor tan t fac-
tors w h i c h can in f luence s o w i n g dates and y ie lds .
Er ra t ic and p o o r l y d i s t r i bu ted ra i n fa l l resu l t i ng i n f r e -
quent d r y spel ls i s c o m m o n in Tanzania. R w e y e m a m u
and M u s h i (1989) , repor ted that d rough t cond i t ions
soon after s o w i n g led to poo r c r o p establ ishment and
reduced y ie lds .
In an expe r imen t to evaluate the pe r fo rmance o f
seven g roundnu t l ines s o w n at fou r d i f fe ren t dates at
seven-day in terva ls , S ibuga et a l . (1990) repor ted that
the groundnuts s o w n f i r s t rece ived m o r e than 6 0 % o f
the tota l ra in fa l l w i t h i n the f i rs t 5 weeks o f g r o w t h
( i .e . , up t o ear ly p o d f o r m a t i o n ) . T h e p o d f i l l i ng was
poor i f mo is tu re was l i m i t e d d u r i n g the later p e r i o d o f
g r o w t h . F u r t h e r m o r e , a 21-day de lay in s o w i n g re -
duced seed y ie lds by an average o f 5 2 % in one year
and 7 5 % i n another. E a r l y s o w i n g , w h i c h a l l owed
plants to rece ive most o f the ra i n , was also associated
w i t h h i g h leaf area index ( L A I ) .
T r i a l s were conduc ted a t t w o sites in southern
Tanzania d u r i n g the 1982/83 season to compare the
per fo rmance o f Red M w i t u n d e (V i rg in ia type , l o n g -
dura t ion) and Nata l C o m m o n (spanish type , shor t -
dura t ion) a t f ive s o w i n g dates. S o w i n g date ef fects on
seed y i e l d we re s ign i f i cant a t bo th sites. T h e y i e l d o f
R e d M w i t u n d e fe l l af ter the f i r s t s o w i n g , whereas that
o f Na ta l C o m m o n was ma in ta ined i n the second
s o w i n g .
T h e m a i n conc lus ions f r o m these t r ia ls are that
large y i e l d losses can be a t t r ibu ted to de layed s o w i n g
and that the ef fect i s m o r e s ign i f i cant w i t h long-dura -
t i on var iet ies (V i rg in ia types) than w i t h shor t -dura t ion
var ie t ies (Spanish types).
T i m e l y s o w i n g enables the c rop t o matu re w h e n
the weather is favorab le fo r l i f t i n g ( i .e . , a t the end of
the ra iny season). T i m e l y s o w i n g , however , i s l i k e l y
to be a constra int to mos t f a rmers due to labor compe-
t i t i on between g roundnu t and o ther f o o d c rops . T h e
fa rmers ' need to sow staple f o o d crops as ear ly as
possib le in the ra iny season imp l ies that t i m e l y sow-
i n g o f g roundnu t m a y not get due at tent ion.
K a f i r i t i (1990) , a t tempt ing to de te rm ine a p p r o p r i -
ate t i m i n g fo r l i f t i n g o f g roundnuts us ing N y o t a (a
shor t -dura t ion Spanish cu l t i va r l ack i ng seed dor-
m a n c y ) and R e d M w i t u n d e (a long-dura t ion V i rg in ia
cu l t i va r w i t h s t rong seed d o r m a n c y ) over t w o seasons
and t w o sites in southern Tanzan ia , repor ted that:
• there was a steady dec l ine of seed y i e l d as l i f t i n g
was de layed, and that the loss in y i e l d was as-
c r i bed to factors o ther than sp rou t ing (e.g. , i n -
creased attacks f r o m termi tes , rodents, and c rows ,
espec ia l ly fo r the long-dura t ion cu l t i va r ) ; and
• a t the m a x i m u m p e r i o d of de lay in harves t ing
( i .e . , 28 days after phys io log ica l ma tu r i t y ) , y i e l d
losses fo r N y o t a averaged 2 4 % and for Red M w i -
tunde 7 7 % .
Regardless o f the d i f fe rence in y i e l d losses, i t was
conc luded that t i m e l y harves t ing is impor tan t fo r bo th
do rman t and nondo rman t cu l t i va rs , pa r t i cu la r l y under
mo is t cond i t ions w h i c h increase bo th p o d rot and i n -
c idence of Aspergillus f lavus w i t h subsequent af-
l a tox in con tamina t ion ( M i x o n 1980).
Seed Bed Types
Farmers sow groundnuts on f la t seedbeds, on the tops
o f r idges , o r on the l ower sides o f r idges (hereafter
re fe r red to as fu r rows) for var ious reasons.
U s i n g t w o Spanish genotypes and three p lant pop -
u lat ions (333 333 -400 0 0 0 plants ha - 1 ) , a t M o r o g o r o ,
L i k a n g o and T a r i m o (1986) repor ted that genotyp ic
response to seedbed type was s imi la r , w i t h bo th types
g i v i n g highest y ie lds on the f la t seedbed (average 0.72
t ha - 1 ) ; and that y ie lds f r o m r i dge and f u r r o w s o w i n g
were comparab le (average 0.59 t ha - 1 ) .
In a separate s tudy over a 2-year p e r i o d c o m b i n -
i n g seedbed types ( f la t , r i d g e , and f u r r o w ) and f o u r
span i sh genotypes , R w e y e m a m u and B o m a (1990)
r e p o r t e d that a l t hough seedbed types d i d no t s i g n i f i -
can t l y a f fec t seed o i l content , the lowest y i e l ds were
r e c o r d e d w h e n g roundnu ts were s o w n o n r i dges dur -
i n g the d r i e r year (307 m m ) and i n f u r r o w s d u r i n g
the wet ter year (about 2 3 % m o r e r a i n f a l l ) . Y i e l d
r e d u c t i o n in the lat ter was enhanced by a d r o u g h t
spe l l d u r i n g the p o d d i n g and seed - f i l l i ng stages
w h i c h reduced p o d d i n g a n d seed s ize. Weiss (1983)
contends that r i dges enhance so i l des icca t ion w h i l e
f u r r o w s conserve m o i s t u r e . Resu l ts suggest the use
o f e i the r f l a t o r f u r r o w seedbeds fo r g r o u n d n u t
p r o d u c t i o n .
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Plant Population creased l i near l y . T h e m a i n conc lus ions f r o m these
tr ia ls are t w o f o l d .
Subopt ima l plant popu la t ion is one of the constraints
to i m p r o v i n g groundnut y ie lds (Bo l t on 1980, Tay lo r
1985). In southern Tanzan ia , B o l t o n repor ted h igher
hields a t 40 cm row spacing than w i t h 60 cm spacing.
In another study conducted at M o r o g o r o in w h i c h row
spacing was main ta ined a t 50 c m , R w e y e m a m u and
M u s h i (1989) s i m i l a r l y repor ted a h igher y i e l d at 10
cm (200 0 0 0 plants ha- ' ) than a t 40 cm (50 0 0 0 plants
ha-1) spac ing. In this study, plants f o r m e d more pegs
and pods and gave h igher kerne l y ie lds per plant at
lower popula t ions. The overa l l y i e l d advantage at the
h igher plant popula t ions was apparent ly a conse-
quence of h igher plant stand at harvest.
On the other hand, Government researchers, at
M o r o g o r o in the mid-1980s repor ted highest seed
y ie lds w i t h a plant popu la t ion of 4 0 0 000 ha - 1 , as
opposed to the cur rent recommendat ion o f 200 0 0 0
plants ha - 1 , regardless of whether sow ing was done on
f la t seedbeds, on r idges, or in fu r rows . Ano the r G o v -
ernment study at M o r o g o r o in 1990 s im i l a r l y re-
corded highest seed y ie lds of 1.3 t ha-1 at 500 0 0 0
plants ha - 1 (5 x 40 c m ) . Th i s plant popu la t ion also
gave the highest 100-seed mass on average. In these
studies, increases in popu la t ion were accompanied by
decreases in she l l ing percentage. Th is f ind ing contra-
dicts the results of E n y i (1977).
W h e n c o m b i n i n g plant popu la t ion w i t h de fo l ia t ion
to dupl icate the adverse effects of fo l ia r diseases and
insects (Ta r imo and Mkese le 1987) w i t h i n the range
of 100 000 -440 0 0 0 plants ha-1 , seed y i e l d increased
s ign i f icant ly w i t h increase in plant popu la t ion . Fur -
the rmore , increas ing the de fo l ia t ion intensity ( f r o m 0 
to 100%, ca r r ied out after f lower ing) w i t h i n any plant
popu la t ion reduced y i e l d , but the effects were less
severe at the h igher plant popu la t ion levels. These
workers suggested that p lant populat ions cou ld be
manipu la ted to m i n i m i z e the adverse effects o f i n -
sects and diseases.
T r i a l s on plant popu la t ion in southern Tanzania
compared the local var ie ty ( m i x e d runner and spread-
ing bunch) w i t h a spread ing bunch (Red M w i t u n d e )
and an upr igh t bunch (Nata l C o m m o n ) at popula t ions
f r o m 50 0 0 0 to 2 5 0 0 0 0 plants ha- ' . Results f r o m t w o
seasons (1981/82 and 1982/83) showed h igh l y s ign i f i -
cant d i f ferences between var iet ies, and w h i l e the
overa l l response to popu la t ion was sma l l , there were
s ign i f icant d i f ferences between var ie ta l responses. As
popu la t i on increased, the y i e l d o f the local var ie ty
dec l i ned s l i gh t l y , the y i e l d o f R e d M w i t u n d e r e -
ma ined constant, and the y i e l d o f Nata l C o m m o n i n -
• H i g h popu la t ions are not requ i red fo r spreading
bunch and locals. O p t i m a l results can be obta ined
f r o m a range of 150 000 -200 0 0 0 plants ha-1 .
• U p r i g h t bunch var iet ies need h i g h popu la t ions
f r o m 200 0 0 0 plants ha- 1 for o p t i m u m results.
Due to the h i gh pr ice o f seed, however i t i s l i ke l y
that smal lho lders w o u l d prefer l ower p lant densit ies
to ob ta in m a x i m u m y i e l d per ha.
Weed Management
Groundnut fa rmers use the hand hoe for most l and
operat ions, i nc lud ing weed con t ro l . However , the sub-
terranean nature of pods makes groundnut weed ing a 
del icate and labor- intensive ac t i v i t y , of ten lead ing to
subopt ima l weed con t ro l . In Tanzania, l i t t le w o r k has
been done on weed management, even though studies
f r o m other areas ( O m r a n 1961, Drennan and Jennings
1977) indicate y i e l d losses due to weeds as a ma jo r
p rob lem for smal l fa rmers .
In a field exper iment over 2 years at M o r o g o r o
using three Spanish genotypes, Sibuga et a l . (1989)
repor ted that lengthening the pe r i od of weed infesta-
t ion (p redominan t l y broadleaf t y p e - - 6 9 % and 8 3 % i n
the 2 study years) increased weed d r y mass at the
expense of seed y i e l d . Genotypes d i d not exh ib i t any
signi f icant d i f ference in weed suppression, but weed-
ing w i t h i n the first 6 weeks-e i ther once at 4 weeks
after emergence ( W A E ) or once at 6 W A E , or tw i ce at
2 W A E and 4 W A E - h a d no deleter ious effects on
y ie l d and resul ted in very l i t t le subsequent weed
g r o w t h . On the other hand, weed infestat ion beyond
the f irst 6 weeks reduced y ie lds s ign i f icant ly (by
4 6 - 5 5 % ) in the 2 years of study. In one of the years
when mois ture was most l i m i t i n g , weeds t h r i ved bet-
ter than groundnuts , man i fes t ing the i r greater e f f i -
c iency than groundnuts in u t i l i z i ng resources.
Response to Fertilizers
Fer t i l i ze rs are rare ly used by groundnut fa rmers in
Tanzania, pa r t l y because the c rop is regarded as a 
second or t h i r d c rop when a l locat ing resources, and
also because groundnuts seem to th r i ve better than
many other crops w i thou t fe r t i l i za t ion . In add i t i on ,
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there is a lack of i n fo rma t i on on appropr ia te nut r ient
requirements under Tanzanian cond i t ions .
Based on results f r o m the w o r k o f Tay lo r (1985) i n
southern Tanzania, g o o d response o f groundnuts to
phosphorus (P) fe r t i l i ze r was ob ta ined w i t h up to 22
kg P ha-1, a s l igh t response to f a r m y a r d manure , and
no s igni f icant ev idence o f response to Ca. A t M o -
rogoro in 1990, researchers recorded seed y i e l d i n -
creases f o l l o w i n g the appl icat ion of P e i ther as t r ip le
superphosphate ( T S P - 2 0 % P) or as M i n j i n g u rock
phosphate (MRP- -14 .8% P). The appl icat ion o f M R P
at 75 kg P 2 O 5 resul ted in y i e l d levels and o i l content
o f seed, comparable to the appl icat ion o f 50 kg P 2 O 5
as TSP. Based on these resul ts, these workers sug-
gested a replacement o f TSP by M R P in areas w i t h
acid ic soi ls , l o w avai lable P, and l o w exchangeable
ca l c i um (Ca). M R P undergoes considerable d isso lu-
t ion in acidic so i ls , thus re leasing bo th P and Ca,
w h i c h const i tute the greatest p ropo r t i on o f elements
in the rock ( M n k e n i et a l . 1989).
Intercropping Studies
In te rc ropp ing research has been sporadic in the past.
However , evidence now exists fo r y i e l d advantages o f
in te rc ropp ing groundnut w i t h several crops. In the
late 1950s and ear ly 1960s, t r ia ls conducted at I longa
and other places showed g o o d y i e l d advantages for
in terc ropp ing systems compared w i t h sole crops
when groundnut was g r o w n w i t h ma ize , so rghum,
cassava, or castor.
For example , Evans (1960) ob ta ined y i e l d advan-
tages rang ing f r o m 9 to 5 4 % f r o m f ive g roundnut /
ma ize in te rc ropp ing exper iments conducted at t w o lo -
cat ions d u r i n g 1957 and 1958. In 1980/81, studies i n -
v o l v i n g a s ingle r o w arrangement exper iment w i t h
groundnut /sorghum in te rc ropp ing showed s igni f icant
advantage (an average of 4 3 % over sole c rop ) , but a 
s igni f icant y i e l d disadvantage i n v o l v i n g g roundnut /
ma ize ( -9%) . In 1981/82 and 1982/83, three g round -
nut genotypes at t w o densit ies and t w o s o w i n g dates
were in tercropped in alternate 5 0 - c m rows w i t h cas-
sava at Na l i en dele Research Inst i tute. Sole c rop plots
were not i nc luded , but results indicated that cassava
y ie lds were not af fected by in te rc ropp ing ; g roundnut
c o u l d therefore be cons idered to be a bonus to cas-
sava y ie lds . However , Gove rnmen t o f f ic ia ls repor ted
that w h e n ea r l y -sown groundnuts were in tercropped
w i t h late-planted cassava, the y i e l d o f groundnuts was
ser ious ly a f fec ted, but the y ie lds o f cassava were r e -
duced to less than 2 0 % of the sote c rop .
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At M o r o g o r o , R w a m u g i r a and Massawe (1990)
compared s ingle alternate rows o f g roundnut and
maize (1:1) and s ingle rows o f maize a l ternat ing w i t h
pa i red groundnut rows (1:2) to sole crops. T h e y re -
por ted that y ie lds o f ma ize and groundnuts were re -
duced by this in te rc ropp ing system. For maize , the
signi f icant y i e l d reduc t ion in sole c ropp ing (6.2 t 
ha - 1) to in tercropp ing (4.2 t ha-1) was at t r ibuted to
reduced plant popu la t i on in the latter, since other
y i e l d components (cobs p lan t - 1 and 100 seed-mass)
were not af fected. For g roundnut , the m a i n c rop in the
study, the y ie lds of four genotypes were not s ign i f i -
cant ly d i f fe rent , a l though y i e l d was reduced in one o f
them (Nata l C o m m o n ) by 5 9 % in s ingle alternate
rows and 4 3 % in pa i red alternate rows. T h i s suggests
d i f fe rent ia l per fo rmance under in terc ropp ing. H o w -
ever, a l l in te rc ropp ing combinat ions gave an L E R
greater than 1, ind ica t ing enhanced p roduc t i v i t y in
this system and that pa i red alternate rows gave a 
h igher average advantage (29%) than s ingle alternate
rows ( 5 % ) .
Studies at three sites in southern and eastern Tan-
zania in 1991 s im i la r l y ind icated that the 1:2 (sor-
ghum:groundnut ) combina t ion was more produc t ive .
At each site, the shor t -durat ion var ie ty (Nyo ta ) con -
sistently gave the highest level of y i e l d advantage (up
to 6 2 % ) compared w i t h the long-durat ion (Red M w i -
tunde), w h i c h on ly attained a 4% y i e l d advantage.
In combina t ion w i t h cassava, results thus far o b -
ta ined are inconsistent ( K a f i r i t i 1991), w i t h the short-
durat ion genotypes g i v i n g h igher in tercropp ing ad-
vantage in one season and the long-dura t ion ge-
notypes in another.
Conclusion
Results avai lable so far indicate that a l though some
w o r k has been done on var ious aspects of g roundnut
agronomy, many of the results are on ly avai lable in
annual reports w i t h l im i t ed c i rcu la t ion and acces-
s ib i l i t y . The need for more coord ina t ion is evident in
order to iden t i f y and p r i o r i t i ze the m iss ing l inks . Such
a strategy cou ld ensure that each of the ident i f ied
prob lems is g i ven due attent ion and researched
conc lus ive ly .
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Discussion
Chiteka: Y o u have ident i f ied t w o key prob lems i n
Tanzania as l ow ra in fa l l and poor d i s t r i bu t ion . Y o u
have also stated that op t ima l p lant popu la t ion is about
200 000 plants ha - l . Y o u r exper iments indicated that
populat ions o f 500 0 0 0 plants ha - 1 w o u l d g ive h igher
y ie lds . G i v e n the unre l iab i l i t y o f ra in fa l l , however, i t
seems un l i ke l y that such a h igh popu la t ion w o u l d be
feasible for smal lho lder fa rmers . Y o u have said that a 
fu ture research need is to develop cu l t i vars tolerant o f
d rough t , and then to de termine the mechanisms that
p rov ide drought to lerance in those cu l t i va rs . Research
has shown that no s ingle c r i t e r i on can be emp loyed to
determine or iden t i f y drought-res istant mater ia ls in
the f ie ld . H o w do y o u propose to solve this p rob lem?
Sibuga: W e p lan to f o l l o w the example o f s im i la r
research at I C R I S A T Center. Dr Nageswara Rao ,
c o u l d y o u summar ize this w o r k ?
Nageswara Rao: A t I C R I S A T Center, the invest iga-
t ion o f mechanisms o f d rought to lerance has rece ived
serious at tent ion for several years. We have developed
screening techniques to ident i fy genotypes w i t h
greater water use e f f ic iency us ing e i ther carbon- iso-
tope d i sc r im ina t i on or leaf thickness techniques. We
plan to use the models presented at th is wo rkshop by
Dr W i l l i a m s to est imate g r o w t h rates and pa r t i t i on ing
of d r y matter to pods to select genotypes w i t h greater
pa r t i t i on ing e f f ic iency. A p a r t f r o m water use e f f i -
c iency , we also are m a k i n g ef for ts to iden t i f y ge-
notypes w i t h ef f ic ient root systems and ab i l i t y to re -
cover rap id ly under in termi t tent d rought cond i t ions.
Ndunguru: Was the M i n j i n j u R o c k Phosphate par-
t ia l l y ac idulated or natura l ly occur ing?
Sibuga: Na tu ra l l y occu r i ng .
Adungna Wakjira: I t is d i f f i cu l t to advise a fa rmer
on series o f cu l tura l pract ices to ob ta in h igher y ie lds .
Have y o u conducted studies to determine y i e l d - l i m i t -
i ng factors or the relat ive cont r ibu t ions of cu l tura l
pract ices to y ie ld?
Adungna Wakjira: I t is d i f f i cu l t to advise a fa rmer
on series o f cu l tu ra l pract ices to ob ta in h igher y ie lds .
Have y o u conducted studies to determine y i e l d - l im i t -
ing factors or the relat ive cont r ibut ions of cu l tura l
pract ices to y ie ld?
Sibuga: W h a t we have presented is the ideal scenario
for ach iev ing m a x i m u m y ie lds. Rare ly can farmers
f o l l o w a l l the recommendat ions. A l s o , we have not
done any specif ic studies to determine y i e l d losses i f
the package of recommendat ions is not f u l l y imp le -
mented. I t is therefore d i f f i cu l t to quant i fy the con t r i -
bu t ion of each cu l tu ra l pract ice to total y i e l d . Such
tr ia ls requ i re con t ro l l ed condi t ions to obta in mean-
ing fu l results.
Nageswara Rao: I w i sh to know about the commer -
c ia l impor tance of groundnuts in Tanzania. The true
value of inputs (such as the h igh seed rate r ecom-
mended by some researchers) to increase y i e l d de-
pend on the cash value re turned to fa rmers .
Sibuga: I n Tanzania, because groundnuts are g r o w n
on on l y about 5% of the total area under f ood crops,
they are not as impor tan t as crops l i ke cof fee or cot-
ton . However , the p r ice o f groundnut in the unof f ic ia l
marke t can be as h i gh as tw ice that of maize. There -
fo re , even though groundnut is not cu l t i va ted as a 
commerc ia l c rop for expor t , i t is w i d e l y used at the
househo ld level ei ther in c o o k i n g or as confec t ionery .
Its marke t value is thus assured; fu r the rmore , the h igh
unof f ic ia l p r i ce makes groundnut p roduc t i on attr-
act ive.
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Groundnut Production and Research in Zambia
M.B. Syamasonta
1
Abstract
The impor tance o f g roundnut (Arach is hypogaea L.) i n Z a m b i a ; research results o f Zambia 's
na t i ona l g roundnut improvement p r o g r a m ; a n d the progress made in cu l t i va r development, ag ron -
omy, a n d p lan t p ro tec t ion d u r i n g the 1982-92 pe r i od are ou t l ined. Future strategies o f the na t i ona l
research p r o g r a m are a lso discussed.
Resumo
Investigaqao e producao de amendoim na Zambia. A impor tanc ia de amendo im (Arach is hypo -
gaea L.) p a r a a Z a m b i a . Resultados da invest igaqao do p r o g r a m a n a t i o n a l da Z a m b i a p a r a o 
melhoramento de amendo im, progresso f e i t o no desenvolvimento da cu l tu ra , ag ronomia e pro teccao
das p lan tas durante o pe r iodo de 1982-92. Sao t ratados neste a r t i go . Estrategias f u tu ras do
p r o g r a m a n a t i o n a l de invest igacao sao descutidos.
Introduction
Groundnut p roduc t ion in Z a m b i a is smal l by w o r l d
standards. However , i t is an impor tant f ood crop in
both rura l and urban areas. I t provides cheap plant
prote in to l ow - i ncome groups and is a substantial cash
earner. Groundnut is also a good crop for rotat ion
w i t h cereals. Above a l l , i t has a potent ia l for expor t ,
and cou ld earn the count ry much needed fo re ign
exchange.
Despi te the impor tance of this crop in Zamb ia ,
there are numerous p roduc t ion constraints. As a result
of these constraints, l ow y ie lds are obta ined f r o m year
to year. Hence, research w o r k on groundnut is de-
s igned to address these prob lems in order to m a x i -
mize plant p roduc t i v i t y and p roduc t ion in general .
Production and Adaptation
A l t h o u g h accurate f igures are unavai lab le, estimates
of p roduc t ion d u r i n g the 1980-88 per iod indicate that
annual p roduc t ion ranges f r om 9 372 to 116 558 t.
A b o u t 7 5 % of this product ion is g r o w n on the central
plateau o f Eastern Prov ince. T h e crop consists m a i n l y
of the V i rg in ia types be long ing to the sub-species hy-
pogaea. Depend ing upon the length of the ra iny sea-
son, cu l t ivars and landraces mature in 140-160 days.
In the h igh- ra in fa l l areas o f N o r t h e r n , N o r t h -
w e s t e r n , and Copperbel t prov inces (1100-1400 m m ) ,
w h i c h have ac id leached soils associated w i t h ' p o p s '
p rob lems, local landraces of the Vi rg in ia type are
g r o w n . Product ion f rom these areas contr ibutes about
3% to total annual nat ional p roduc t ion .
Shor t -durat ion Spanish types be long ing to the sub-
species f as t i g i a ta that mature in 100-120 days are
g r o w n in the dr ie r condi t ions p reva i l i ng in the south-
ern and western part o f the count ry (less than 9 0 0 mm
ra in fa l l ) . A l t h o u g h the genotypes g r o w n in these
areas have good y ie lds under favorable g r o w i n g con -
d i t ions , seed size is smal l . These prov inces cont r ibute
about 2 2 % to total annual nat ional p roduc t ion
(Sandhu et a l . 1988).
1. Groundnut Breeder, Msekera Regional Research Station, P.O. Box 510089, Chipata, Zambia.
Syamasonta, M.B. 1992. Groundnut production and research in Zambia. Pages 53-56 in Proceedings of the Fifth Regional Groundnut Workshop
for Southern Africa, 9-12 Mar 1992, Lilongwe, Malawi (Nageswara Rao. R,C and Subrahmanyam. P., eds.). Patancheni. A.P. 502 324, India:
International Crops Research Institute for the Semi-Arid Tropics.
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Crop Improvement
A hybr id i za t ion p rogram was in i t ia ted in the 1982/83
season. S ing le plant select ion for desirable characters
f r o m the segregat ing populat ions was done in the F5
generat ion. At this po in t , a reasonable degree of ho-
mozygos i t y is expected to have been achieved. T h e
selected plants are progeny-tested, and p r o m i s i n g
l ines placed in p r e l i m i n a r y y i e l d evaluat ion t r ia ls . L o -
ca l l y b red mater ia ls are also supplemented w i t h
ear ly-generat ion s ing le seed bu lks f r o m I C R I S A T
( M a l a w i and Ind ia) . Produc t ion o f breeders ' seed for
al l released genotypes is a regular ac t iv i ty of the
program.
Agronomy
Pr io r to the f inal release of selected genotypes, both
on - fa rm and on-stat ion evaluat ions o f prereleased ge-
notypes are under taken. The genotypes are also in -
vestigated to determine the most p roduct ive spacing
and response to d i f ferent levels o f fe r t i l i zers and
spray reg imes of fungic ides and insect ic ides. In add i -
t i on , in te rc ropp ing t r ia ls i nc lud ing maize , so rghum,
cot ton, sunf lower, and p igeonpea in var ious intercrop
row arrangements are studied.
Pathology
Ear l y leaf spot (Cercospora a ruch id i co la ) , late leaf
spot (Phaeosar iops is personata) , rust (Puccinia ar-
achiclis), and rosette are the ma jo r fo l ia r diseases af-
fec t ing g roundnut in Z a m b i a . Other disease prob lems
are af la tox in contaminat ion (Aspergillus flavus), af-
laroot , and the v i ra l diseases streak necrosis and bud
necrosis. Genotypes w h i c h show tolerance for the ma-
j o r diseases are fur ther evaluated in a fol iar diseases
nursery where cond i t ions conduc ive to spread of the
diseases are a r t i f i c ia l l y created by us ing spreader
rows. P rom is ing l ines are u t i l i zed in the breed ing
program.
Entomology
Soi l insects ( te rmi tes , wh i te grubs, and w i r e wo rms )
and suck ing pests (aphids and jassids) cause eco-
nomic damage to groundnut . Exper iments are be ing
conducted to de te rmine the extent of the avoidable
losses due to these pests. A number of g roundnut
genotypes have been screened for resistance to suck-
i n g and soi l pests on both on-stat ion and on - fa rm
locat ions. Shor t - te rm measures for insect con t ro l , i n -
v o l v i n g appl icat ions o f carbofuran, ch lo rpy r i phos ,
and neem leaf extracts have been exp lo red .
Research Results
F o l l o w i n g a 10-year (1982-92) mu l t i d i sc ip l i na ry i n -
tensive research pro ject on groundnut , three c u l t i -
va rs -Comet , M G S 2 (M 13), and M G V 4 have been
released.
Comet , a Spanish bunch groundnut cu l t i va r was
released for g r o w i n g on the l igh t textured soi ls o f
Southern and Western Prov inces, w h i c h receive scant
rains over a short g r o w i n g season. M a t u r i n g in
110-116 days, Comet has h igh y i e l d potent ial (1-1.5 t 
ha- l ) i th in shells, and attract ive smal l seeds. Comet is
susceptible to ear ly leaf spot (Sandhu et a l . 1988).
A long-durat ion Vi rg in ia runner cu l t i va r in t ro-
duced f r om Ind ia , M G S 2 (M 13), was released for
med ium- ra in fa l l areas. M G S 2 matures in 135-145
days. It has h igh y i e l d potent ia l (1.5-3.5 t ha - 1 ) , ac-
ceptable seed qual i t ies, and tolerance for ear ly leaf
spot (Sandhu et a l . 1988).
M G V 4 , another Vi rg in ia bunch cu l t ivar , selected
by the S A D C C / I C R I S A T Groundnut Project, was re-
leased for use in the med ium- ra in fa l l areas. So far,
this cu l t i va r has shown the highest y i e l d potent ial in
Z a m b i a (2.5-3.5 t ha - 1) , and is we l l adapted to stress
condi t ions. I t matures w i t h i n 125-135 days and has
th in shells and large attract ive seeds.
M G S 3, another Vi rg in ia bunch type, was selected
by Z i m b a b w e ' s groundnut improvement p rogram and
is in the prerelease stage, undergo ing on - fa rm test ing.
I t is d o i n g we l l in Eastern and Central Provinces (Sya-
masonta 1990).
Results f r om the o n - f a r m t r ia ls showed that the
three new cu l t ivars ( M G S 2 , M G V 4 , and M G S 3 )
have s ign i f icant ly ou ty ie lded Cha l imbana by 2 0 - 3 0 %
under fa rmers ' cond i t ions . T h e most p roduct ive spac-
ing for the 3 cu l t i vars was 75 cm between rows and 10
c m w i t h i n rows.
S o w i n g o f M G S 2 on 24 November (compared
w i t h the usual sow ing date of 8 December) resul ted in
a 3 8 % y i e l d ga in , w h i l e sow ing the same cu l t i var on
22 December resulted in a 2 4 % y i e l d reduct ion . One-
hand weed ing at 45 days after sow ing ( D A S ) i n -
creased seed y i e l d by 9 % , wh i l e t w o weedings at 20
and 45 D A S increased seed y i e l d by 2 5 % over no
weed ing .
In te rc ropp ing o f maize w i t h g roundnut o f fe red an
advantage o f 2 0 % seed y i e l d over sole c ropp ing . This
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system requ i red on l y 5 0 % the labor o f sole c ropp ing
both crops (Reddy et a l . 1988).
Development of cu l t ivars resistant to leaf spots is a 
long- te rm, economical way to control these diseases.
Screening for leaf spot resistance resulted in the ident i -
f i ca t ion o f S A C 58, Gambia Bunch , C 177/5/1, I C G M S
54, I C G 7884, and I C G 2271 as tolerant of early leaf
spot. Gambia Bunch D had h igh y ie ld potential and
cou ld be released to farmers. However, the rest had
poor seed characteristics and are being used as parents
in the hybr id izat ion program.
Exper iments on shor t - te rm cont ro l measures have
y ie lded interest ing results. For example , one appl ica-
t ion of c i ther Lab i l i t e (3 g L - 1 water) , Bravo (3 mL L - 1
water) , or Benlate (0.5 kg L - 1 water) e f fect ive ly con -
t ro l led leaf spots. The sprays should be app l ied at 75
D A S . These fung ic ide sprays resul ted in 2 0 % seed
y ie ld increases (Kanna iyan and Hac iwa 1990).
Groundnut genotypes I C G 2271 , I C G 2306 , I C G
5041 , I C G 5045, and I C G 7237 have been found res i -
stant to most groundnut pests, i nc lud ing leaf hoppers
(Si thanantham et a l . 1990).
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Discussion
Chiteka: You staled that groundnuts in tercropped
w i t h maize y ie lded 2 0 % more than the same var iety
g r o w n as a sole c rop . H o w do you exp la in this?
Syamasonta: Th i s may depend on the spacing bet-
ween rows of groundnut and maize. A fu l l exp lana-
t ion may be possible after fur ther exper imenta t ion .
Freire: In Mozamb ique , we got s im i la r results w i t h
groundnut /maize in tercropp ing d u r i n g the 1990/91
season, w i t h groundnut y i e l d i n g more in tercropped
w i t h maize than as a sole c rop . However , the results
seem to be qui te unpredic tab le , and p robab ly depend
on the quant i ty and d is t r ibu t ion of the groundnut
component .
Nyirenda: I f Cha l imbana g r o w n in the intercrop w i t h
maize gave h igher y ie ld than that var iety as a sole
crop , I w o u l d l ike to know the actual y ie lds of
groundnut in both c ropp ing systems. A l s o , what was
the y ie ld of maize in each c ropp ing system?
Syamasonta: The data o f this par t icu lar t r ia l w i l l be
sent to y o u in due course.
Schmidt: The fact that groundnut y ie lds were in -
creased by 2 0 % in the intercrop over sole cu l t i va t ion
is interest ing. D i d groundnut plants replace maize
plants or were they added to the maize popula t ion?
Kanenga: We sowed a l ternat ing rows o f maize and
groundnut .
Schmidt: N o r m a l l y , maize competes st rongly w i t h
groundnut . The result is increased maize and de-
creased groundnut y i e l d ,
Kafiriti: W h a t was the distance between rows o f the
same crop?
Kanenga: Seventy- f ive c m .
Sttbrahmanyam: W h a t are the fu tu re plans fo r
chemica l con t ro l o f l ea f spots i n Zamb ia? Do y o u
have any conc lus ion f r o m the w o r k on the number o f
fung ic ide appl icat ions?
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Syamasonta: T h e fu ture p lan concern ing chemica l
con t ro l o f leaf spots is to conduct exper iments in
fa rmers ' f ie lds. R igh t n o w l i t t le w o r k is done outs ide
the research stations. T h e spray reg ime t r ia l is in
progress, bu t th is season's resul ts may not be repre -
sentative due to drought .
Agronomy Research on Groundnut in Zimbabwe: A Review
B. Mpofu
1
Abstract
This paper discusses the ag ronomic constra ints l i m i t i n g g roundnu t p roduc t i on in Z i m b a b w e . I t
reviews past agronomy research a i m e d a t i m p r o v i n g y ie lds a n d out l ines the country 's f u t u r e re -
search t rends.
Resumo
I nves t i gacao a g r o n o m i c a de a m e n d o i m em Z a m b i a : rev isao. Este a r t i g o descute os p r i n c i p a l s
fac to res agronomicos que tern l i m i t a d o a p roducao de amendo im na Z a m b i a . Faz rev isdo a invest i -
gacao ag ronomica an te r io r com vista a aumentar os rendimentos e de f in i r os f u tu ros t r i l hos de
invest igacao no pa is .
Introduction
I n Z i m b a b w e , groundnuts are g r o w n by commerc ia l
and c o m m u n a l area fa rmers . Between 1956 and 1976,
sales f r o m c o m m u n a l areas to the G r a i n M a r k e t i n g
Boa rd averaged 19 000 t shel led nuts y e a r - 1 (Shumba
1983). Between 1977 and 1985, the area sown to
groundnuts i n the c o m m u a l sector dec l ined 5 1 %
w h i l e p roduc t i v i t y d ropped 4 5 % (Dendere 1987). I n
1989, sales f r om this sector to ta l led 1700 t . Th i s d i -
m i n i s h i n g groundnut p roduc t i on has cont r ibu ted to
ma lnu t r i t i on in most c o m m u n a l areas.
vest ing than ma ize , the staple c rop , w h i c h receives
h igher p r i o r i t y .
Research
A g r o n o m y research on groundnut conducted in the
1960s and ear ly 1970s f o r m e d the basis for the cur-
ren t l y recommended cu l tu ra l pract ices. Research on
plant popu la t i on , spac ing, and ear ly s o w i n g w i t h i r r i -
ga t ion were s igni f icant con t r ibu t ions to p roduc t i on
(Me te le r kamp 1967).
Production Constraints
Drough t is the s ing le most impor tan t constraint to
groundnut p roduc t ion in Z i m b a b w e (Ch i teka 1985).
Ano the r factor is the inherent l ow fe r t i l i t y o f the
sandy soi ls that p redominate in most c o m m u n a l areas
( M a s h i r i n g w a n i 1983). L a c k o f dra f t power results i n
de layed s o w i n g and reduced y i e l d (Shumba 1983).
Fu r t he rmore , g roundnut has a h igher labor re -
qu i rement w i t h respect to s o w i n g , weed ing , and har-
Nutrition
Sma l l y i e l d benefits were obta ined in a fe r t i l i t y t r i a l
by app l y i ng 5 t manure . A 2 1 % y i e l d increase was
obta ined w i t h the app l ica t ion o f 4 6 k g ha - 1 P 2 O 5 , and
a 2 7 % increase w i t h an app l ica t ion of 200 kg ha - 1
g y p s u m . F ie ld t r ia ls to invest igate the response o f
groundnuts cu l t i va ted at d i f fe ren t levels of phosphate
and l ime to inocu la t ion w i t h var ious strains o r rh i zo -
b ia d i d not show any s ign i f icant y i e l d d i f fe rence be-
l. Weed Scientist, Henderson Research Station, Private Bag 2004, Mazowe, Zimbabwe.
Mpofu, B. 1992. Agronomy Research on Groundnut in Zimbabwe: A review. Pages 57-59 in Proceedings of the Fifth Regional Groundnut
Workshop for Southern Africa, 9-12 Mar 1992, Lilongwe, Malawi (Nageswara Rao, R.C., and Subrahmanyam. P.. eds.). Patancheru, A.P.
502 324, India: International Crops Research Institute for the Semi-Arid Tropics.
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tween e i ther strains or phosphate levels. However , ap-
p l ica t ion o f l i m e a t 500 -800 kg ha - 1 s ign i f i can t ly i n -
creased groundnut y ie lds .
Sowing date trials
T w o t r ia ls were conducted on fa rmers ' f i e l ds t o c o m -
pare the per fo rmances o f short-season cu l t i va rs sown
d u r i n g November and D e c e m b e r . T h e f i r s t t r ia l was
s o w n w i t h the f i rst ra ins and the second 4 weeks later.
De layed s o w i n g reduced y ie lds at a l l sites and y i e l d
was fur ther const ra ined by drought .
Plant population
A compar i son o f t w o plant popu la t ions, 250 0 0 0 and
350 0 0 0 plants ha - 1 was conducted us ing short-season
cu l t i va rs on fa rms in four d i f fe ren t agroecolog ica l
zones d u r i n g the 1983/84 and 1984/85 seasons. In
bo th seasons the t w o popu la t ions showed no s ign i f i -
cant y i e l d d i f ferences.
Sowing method
A y i e l d t r ia l was conducted to compare the ef fect of
s o w i n g groundnuts on beds w i t h sow ing on f l a t
g round . Results were inconc lus ive . Ano the r t r i a l
compared y ie lds o f groundnuts sown in d isced land
w i t h y ie lds ob ta ined f r o m p l o w i n g on c layey soi ls .
H i g h e r y ie lds were ob ta ined f r o m p lowed land.
Cropping systems
Groundnu t was a component c rop in exper iments
w i t h in te rc ropp ing and rotat ional c r o p p i n g systems.
W o r k was conducted by the A g r o n o m y Inst i tute for
f ive seasons. On e t r i a l s tudied the ef fect o f r ow p ro -
po r t i on and p lant densi ty on the p roduc t i v i t y o f
ma ize /g roundnu t and sunf lower /g roundnut in tercrop-
p i n g systems. A pat tern o f one r o w of ma ize or sun-
f lower to t w o rows o f g roundnut was the most
p roduc t i ve , and a popu la t i on pressure of 133% was
found benef ic ia l to the ma ize /g roundnut comb ina t i on .
In another t r i a l , g roundnu t y i e l d was reduced by
3 3 % when in tercropped w i t h p igeonpea, i nd i ca t ing
the need for a h igher p ropo r t i on of g roundnut than the
4:1 groundnut :p igeonpea rat io used d u r i n g the t r ia l * A 
ro ta t ion t r i a l conducted to mon i t o r the p roduc t i v i t y o f
fou r systems of ma ize /groundnut over a 4-year p e r i o d
showed that bo th maize and groundnut benef i t ted
f r o m a s imple 2-year ro ta t ion.
Weed research
In 1983/84, t w o t r ia ls were conducted to investigate
long - te rm effects o f herb ic ide on groundnut f o l l o w i n g
maize treated w i t h pre-emergence herbic ides in sandy
soi ls . In one exper imen t , groundnuts were sown 1 
year after ma ize . In the second exper iment , g round -
nuts were sown 2 years after maize. T h e herbic ides
app l ied to the maize were atrazine, p rometon , and a 
meto lach lon te rbu thy laz ine m i x t u r e . These treatments
were compared w i t h an untreated con t ro l . No s ign i f i -
cant y i e l d d i f ferences were observed between treat-
ments d u r i n g the three seasons in ei ther exper iment .
Further Research Needs
• Fur ther research is needed to p rov ide guide l ines
for fe r t i l i zer app l ica t ion in communa l areas. Re-
s idual fe r t i l i t y studies warrant deta i led invest iga-
t ion as a basis fo r fe r t i l i ze r recommendat ions in
rotat ions that inc lude groundnut .
• Research on Rhizobium inocu la t ion must be
cont inued.
• T h e poss ib i l i t y o f s o w i n g g roundnu t on m i n i m a l l y
t i l l ed land shou ld be invest igated. Reduced t i l lage
w o u l d reduce demand for draf t power.
• Since reduced t i l lage is associated w i t h heavy
weed in festat ion, herb ic ide research a imed at m i n -
i m i z i n g the cost o f appl icat ion (e.g. , broadcast ing
granular herbic ides) is recommended .
• Studies on labor-saving implements are needed.
The F a r m i n g Systems Research Un i t must continue
to adapt, develop, and test product ion technologies
and systems generated by the var ious institutes i n -
vo lved in groundnut agronomy research.
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Discussion
Williams: ICRISAT had a r h i zob ium p rog ram w h i c h
we terminated because, w i t h one except ion , we found
no pos i t ive responses that t ransferred f r o m the glass-
house to the f ie ld. Th i s lack of t ransferabi l i ty was due
to the fact that f ixat ion per uni t l igh t was no d i f fe rent
under a range of c i rcumstances. In f ie ld cond i t ions ,
tota l rad ia t ion was the l i m i t i n g factor. T h e one excep-
t ion was the case o f Nc 92 r h i z o b i u m w h i c h gave ve ry
g o o d y i e l d response on an a lka l ine Ve r t i so l . T h e bac-
ter ia apparent ly w o r k e d by m o d i f y i n g i ron n u t r i t i o n
rather than n i t rogen f ixat ion.
Freire: 1. Wha t are the y ie lds o f groundnut i n c o m m u -
nal areas? 2. Wha t is your v iew of the economics of
herbicide technology related to the h i gh r isk , l ow y i e l d
cropp ing systems of the communa l areas? 3. We also
undertook rh izob ium research w i t h negative results.
Mpofu: 1. Less than 1 t. 2 . A t the moment , w e are
encouraging fa rmers to use herbic ides for ma ize ,
w h i c h they consider m o r e impor tan t than groundnut .
Th i s shou ld release labor fo r weed ing groundnuts. 3.
I n i t i a l l y , several t r ia ls were conducted in pots under
glasshouse condi t ions and pos i t ive results were
obta ined.
Singa: W h a t implements were used that led to the
conc lus ion that reduced t i l lage requ i red less draf t
power? W h a t were the draf t power requ i rement d i f -
ferences between fu l l and reduced t i l lage?
Mpofu: W o r k on reduced t i l lage in groundnuts has
not yet been in i t ia ted. In maize p roduc t ion , where
reduced t i l lage is fa i r l y w ide l y pract iced, fa rmers use
herbic ides to k i l l weeds, then open a f u r r ow w i t h a 
t ine before sow ing .
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Location-Specific Research
Yield and Quality of Groundnut Hay from a Commercial
Crop in Zimbabwe
Z . A . C h i t e k a 1
Abstract
Three long-dura t ion g roundnu t cu l t i vars were g r o w n in two tests d u r i n g the 1989/90 a n d 1990/91
seasons to determine the y i e l d a n d qua l i t y o f hay. H a y y ie lds ranged f r o m 4.6 to 6 .8 t ha - 1 a n d
percentage o f c rude p ro te in ( C P ) ranged f r o m 9.8 t o 2 0 . 3 % . Y ie ld a n d qua l i ty o f hay harvested
dec l ined f rom a max imum at 120-160 days af ter sow ing (DAS) . Harves t ing at abou t 150 D A S
max im ized p o d y i e l d w i t h a n acceptable C P percentage.
Resumo
Rend imen to e qua l i dade do f e n o dos resto lhos da c u l t u r a de a m e n d o i m de cu l t i vares comerc ia is
de l o n g o c i c l o , no H i g h u e l d em Z a m b i a . Tres cul t ivares de amendo im de longo c i c lo f o r a m
testadas na campanha a g r i c o l a de 1989/90 e 1990/91 p a r a de te rminar o seu rendimento e qua l idade
do feno . O rendimento do f e n o ox i l ou de 4.6 a 6.8 t ha -1 e a percentagem de p ro te ina b ru ta ox i l ou
entre 9.8 a 2 0 . 3 % . O rendimento e a qua l idade d o f e n o ba ixou ao max imo entre 120-160 d ias depots
da sementeira. Colhe i ta aos 150 d ias depots da sementeira deu um rendimento m d x i m o de vagens
com uma percentagem acei tavel de p ro te ina b ru ta .
Introduct ion
Groundnut i s w ide l y g r o w n in Z i m b a b w e (H i l deb rand
1980, Ch i teka 1984). The c rop is a r i ch source of o i l
( 46 -63%) and CP ranges f r o m 25 to 3 0 % (Knau f t e t
a l . 1987). Groundnuts are an impor tant f ood as we l l as
a cash c rop w i t h surplus produce marketed to gener-
ate fo re ign exchange. Groundnut tops are used as an
impor tant s tockfeed in Z i m b a b w e .
D u r i n g the d r y months (May -Oc tobe r ) , grass is
unpalatable and ve ry l ow in pro te in . Th i s reduces the
feed intake and results in a loss of body we ight . Sup-
p lementary feeding is therefore necessary d u r i n g this
pe r iod to prevent loss o f body we igh t in ruminants
raised largely on ve ld . T h e loss o f body we igh t re -
duces fe r t i l i t y and concept ion rates, thereby reduc ing
an imal p roduc t i v i t y .
A l t hough groundnut is p r ima r i l y g rown for gra in in
Z imbabwe, substantial amounts of h igh-qual i ty hay can
be also be obtained f rom the crop. T h e area sown to
groundnuts in communal areas of Z imbabwe is esti-
mated at 180 000 ha. Th is cou ld prov ide a cheap source
of protein wh ich cou ld be used for supplementary feed-
ing of cattle. The qual i ty and quant i ty o f hay harvested
f rom a commerc ia l c rop depends on the t imeliness of
harvest ing and the method of cur ing of the hay. The
object ives of the research reported here were:
• to quant i fy the y i e l d of g roundnut tops obta ined
f r o m a long-season groundnut c rop ; and
• to determine the crude pro te in level of the g round -
nut tops obta ined at the t ime of l i f t i n g .
1. Senior Research Officer (Groundnut Breeder), Crop Breeding Institute, P.O. Box 8100, Causeway, Harare, Zimbabwe.
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Materials and Methods
Three long-season commerc ia l cu l t i va rs , F l a m i n g o ,
M a k u l u Red and Egre t , were g r o w n du r i ng the
1989/90 and 1990/91 seasons at Harare Research Sta-
t ion . The tr ia ls were sown on 18 Oc t 1989 and 15 Oc t
1990. Standard cu l tu ra l pract ices were f o l l owed but
the c rop was not sprayed to cont ro l leafspot diseases.
Supplementary i r r i ga t ion was appl ied to ensure an
adequate mois ture supply throughout the g r o w i n g pe-
r i o d . In both seasons, randomized complete b lock de-
s ign was used, each w i t h four repl icates.
Each p lo t consisted of 20 rows spaced at 45 cm
and seeds spaced at 15 cm w i t h i n the rows. At 9-day
intervals, s tar t ing f r o m 120 D A S , one p lo t consist ing
of two rows 240 cm long was harvested in the t rad i -
t ional way and both the pods and hay were a i r -d r ied
to 10% mois ture . T h e mass of hay and pods was
determined in each case. A sample of hay was d rawn
f rom each p lo t for determinat ion o f the CP us ing the
Ke ldha l M e t h o d .
Results and Discussion
There were no s igni f icant d i f ferences in hay y i e l d
a m o n g cu l t i vars at a l l harvest dates at Harare Re-
search Stat ion (Table 1). The mass of hay harvested
f rom 120 to 140 days genera l ly increased, and after
140 days hay y i e l d decreased. Th is is largely due to
translocat ion of nutr ients to the pods and the rap id
loss of fo l iage due to fo l ia r diseases. Since the p r i -
mary ob jec t ive o f cu l t i va t i ng the c rop is for improved
seed y ie l d , i t is not desirable to l i f t the c rop before
140 D A S as this results in reduced seed y ie lds.
Table 1. Yield of hay in t ha
1
 for three groundnut culti-
vars harvested at five different stages during the 1989/90
season at Harare Research Station.
Harvest date (DAS)
Cultivar
Flamingo
Makulu Red
Egret
Mean
SE
CV (%)
120
6.1
5.4
5.5
5.7
±0.5
17.9
132
6.4
5.6
6.3
6.1
±0.2
7.8
141
6.6
6.5
6.5
6.5
± 0.7
23.0
150
3.2
5.7
5.7
5.9
± 0.5
7.8
160
5.3
4.7
5.2
5.0
± 0.2
17.0
T h e mean CP percentage dropped f r o m 19.7% a t
120 D A S to 11.0% at 160 D A S (Table 2) . Th i s is also
due to the loss of leaves since fo l iage carr ies a h igher
CP percentage than the stems. Harves t ing at about
150 D A S w o u l d achieve both h igh seed y i e l d and
acceptable qua l i ty . The t i m i n g o f harvest ing depends
on al t i tude, season qua l i t y , and the incidence of de-
fo l ia t ion on the c rop .
Table 2. CP percentage in hay for three long-duration
groundnut cultivars harvested at five different dates dur-
ing the 1989/90 season at Harare Research Station.
Cultivar
Flamingo
Makulu Red
Egret
Mean
SE
CV (%)
120
19.4
19.4
20,3
19.7
±0.4
4.3
Harvest date (DAS)
132
18.4
18.4
18.0
18.3
±0.6
7.1
141
14.8
13.6
15.6
14.7
±0.7
9.2
150
14.0
13.7
14.3
14.0
±0.6
8.2
160
12.6
9.8
13.0
11.8
±0.9
14.9
Pod y ie l d increased f rom 4.9 t ha -1 at 120 D A S to
5.41 ha-1 at 140 D A S (Table 3) . There were no s ign i f i -
cant d i f ferences (P < 0.05) in pod y ie ld among c u l t i -
vars at a l l harvest dates. A l l variet ies had s imi la r pod
y ie ld at harvest t ime.
Table 3. Pod yield (t ha
-1
) for three groundnut cultivars
harvested at three different dates during the 1990/91 sea-
son at Harare Research Station.
Conclusion
Y i e l d of groundnut hay of up to 5 t ha-1 can be
achieved when the crop is l i f ted at the r i gh t t ime .
De layed harvest ing causes a reduct ion in harvestable
Cultivar 120 140 150 
Flamingo 3.7
Makulu Red 5.4
Egret 5.7
Mean 4.9
SE ±0.4
CV (%) 16.7
4.6
6.3
5.6
5.4
±0.4
15.5
4.3
4.5
5.1
4.6
±0.7
26.5
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Harvest date (DAS)
hay y i e l d after phys io log ica l matu r i t y . CP levels o f
12% or h igher can be achieved at harvest t ime . CP of
the harvestable hay also decreases w i t h delayed
harvest ing.
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Discussion
Sibuga: The use o f g roundnut hay for an ima l feed
cou ld lead to prob lems due to pest ic ide residue.
McDonald: Problems c o u l d be especial ly s igni f icant
i f fungic ides such as t r ipheny l are used. For most
c o m m o n l y used fungic ides, a pe r i od of 3-4 weeks
after the last spray is suf f ic ient for decompos i t ion of
act ive ingredients. Th i s is par t i cu la r l y the case when
ra in fal ls after the last spray is g i ven .
Sibuga: Y o u i n f o r m e d us that y o u d i d not spray your
exper iments w i t h pest ic ides. Bu t the commerc ia l
fa rmers do . To make the study complete, y o u shou ld
inc lude fung ic ide spray ing and then determine res i -
dues in the hay so that the fa rmers can be assured of
the safety o f the i r an imals , w h i c h are eventual ly con -
sumed by people.
McDonald: Chemica ls l i ke ch lo ro tha lon i l d o not
have m u c h residual effect.
Subrahmanyam: Mancozeb , ch lo ro tha lon i l , and be-
n o m y l break d o w n rap id l y and there i s no danger o f
any mamma l i an tox ic i t y i f there is enough t ime bet-
ween harvest and feed ing.
Schmidt: W h a t k i n d o f storage do y o u propose fo r
groundnut hay? In M a l a w i hau lms are destroyed
complete ly by termites w i t h i n 2 weeks i f le f t on the
so i l surface.
Chiteka: Farmers using groundnut hay for their an i -
mals do not leave i t in the f ie ld . They general ly co l lec t
i t as soon as possible and keep i t in bundles or in p i les
under some f o r m of shelter.
Freire: 1. W h a t is the qual i ty o f the pods at 120 days
i f the pod y i e l d is reasonably h igh? 2. Is there an
ear l ier harvest ing t ime w i t h lower pod/seed y i e l d and
higher hay y i e l d that can have better economics than
the harvest ing of g ra in alone?
Chiteka: 1. A t 120 days the pods are not yet filled and
she l l ing percentage is ve ry l ow . Th i s w o u l d not be the
appropr iate t ime to harvest long-durat ion groundnuts
because the seeds are sma l l , i r regu lar , and shr ive l led .
2. We have not harvested ear l ier in our exper iments ,
but I w o u l d expect the hay y i e l d to be h igher than that
repor ted in this research. There w o u l d invar iab ly be a 
very l ow p o d and seed y i e l d at that date of harvest ing.
N a g e s w a r a Rao: I am to ld that the commerc ia l y i e l d
of groundnut in Z i m b a b w e is about 10 t ha - 1 and that
groundnut fa rmers have 10-t c lubs. The y i e l d data y o u
have presented, however, shows that the commerc ia l
y ie lds ranged f r o m 4 to 5 t . H o w do y o u exp la in this?
Chiteka: The y ie lds repor ted in the range o f 9 t ha - 1
in 1980 were f r o m one specif ic area where record
y ie lds were achieved. T h e average fa rmer ' s y i e l d is
5-7 t ha-1 of pods; but some fa rmers , us ing ve ry h igh
management, can achieve y ie lds of over 8 t ha -1 of
pods.
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"Pops" Screeing in Groundnut
M.B. Syamasonta
1
Abstract
One h u n d r e d eighty g roundnut genotypes were screened f o r a c i d so i l to lerance a t M i s a m fu Reg iona l
Research Stat ion, Z a m b i a . Results of two seasons showed s igni f icant differences among test entr ies
f o r seed y i e l d , she l l ing percentage, a n d " p o p s " percentage. Coefficients o f var ia t ion were 19 .6% f o r
" p o p s " percentage, 3 4 . 9 % f o r she l l i ng percentage, a n d 7 0 3 % f o r seed y i e l d . " P o p s " percentage
was negat ively a n d s ign i f icant ly co r re la ted to seed y i e l d , she l l i ng , a n d 100-seed mass, wh i le seed
y i e l d was pos i t ive ly a n d s ign i f icant ly cor re la ted to 100-seed mass a n d number o f pods per p lan t .
B r o a d sense her i tab i l i t y estimates were moderate f o r seed y i e l d ( 4 3 % ) , 100 seed-mass ( 4 0 % ) , a n d
number o f pods pe r p l an t ( 3 5 % ) . However, the b r o a d sense her i tab i l i t y estimates were l o w f o r
" p o p s " percentage (7%) a n d she l l ing percentage ( 9 % ) .
Resumo
Observaqoes e avaliqao sobre estampido de vagens de amendoim (Vagens mal preenchidas).
Cento e o i to genot ipos de amendo im f o r a m testados d to lerancia a accidez na Estaqad de invest i -
gacao reg iona l de M isamfu . Resul tados das duas epocas demost raram diferenqas s igni f icat ivas a 
p roduqao de sementes, percentagem de casca e percentagem de estampido de vagens m a l p r e -
enchidas em todos os testes re ia l izados. O coeficiente de var iacao f o i moderado a a l t o p a r a a 
percentagem de estampido com (19.6%) a percentagem de casca f o i (34 .9%) , e a p roduqao de
sementes (17.3%). A percentagem de estampido de vagens f o i negativamente e s igni f icat ivamente
core lac ionada p a r a p roduqao de sementes, casca p a r a o peso de 100 sementes e o numero de
vagens p o r p lan ta . O sent ido amp lo da her i tab i l i dade est imada f o i moderada p a r a a p roduqao de
semente com ( 4 3 % ) , p a r a a p roduqao de 100 sementes (40%) e p a r a o numero de vagens p o r p lan ta
( 3 5 % ) . Com tudo o sent ido amp lo de her i tab i l i dade est imada f o i ba ixo p a r a a percentagem de
estampido ( 7 % ) e percentagem de casca com ( 9 % ) .
Introduction
In the h igh ra in fa l l areas of Z a m b i a , groundnut is a 
c o m m o n crop in v i l lage gardens. I t is an impor tan t
food c rop , par t i cu la r l y for subsistance fa rmers .
Large-seeded var iet ies w i t h re la t ive ly l ow o i l content
and p i nk testa co lo r are desirable. The crop is of ten
consumed after be ing cooked in shel ls, and Zambians
prefer a f loury consistency to a hard and o i l y one.
Roast ing plays a secondary ro le , wh i l e the surplus is
so ld at local markets.
Soi ls in the reg ion are h i g h l y leached due to heavy
rains (900-1500 mm y e a r - 1) , resu l t ing in soi l Ca def i -
c iency and ac id i ty . On such ac id soi ls , g roundnut re-
quires Ca appl icat ion to g ive h igh qual i ty nuts and
m a x i m u m seed y i e l d (Wa lker and K e r s l i n g 1978).
Severe Ca def ic iency in the so i l results in seed abor-
t i on , c o m m o n l y k n o w n as "pops'* , wh i l e moderate
1. Groundnut Breeder, Msekera Regional Research Station, P.O. Box 510089, Chipata, Zambia.
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Africa, 9-12 Mar 1992, Lilongwe, Malawi (Nageswara Rao, R.C., and Subrahmanyam, P., eds.). Patancheru, A.P. 502 324, India: International
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def ic iency results in poor seed f i l l ing, reduc ing ger-
m ina t ion capaci ty (Cox and R e i d 1964, Su l l i van et a l .
1974).
W h i l e the appl icat ion o f gypsum has of ten g iven
errat ic results under Z a m b i a n cond i t ions , the appl ica-
t ion of l ime has consistent ly g i ven pos i t ive results and
is consequent ly recommended. Despi te this r ecom-
mendat ion , the farmers w h o l i ve in the "pops" -prone
areas are unable to ob ta in l i m e due to its scarci ty,
h i gh p r i ce , and t ransportat ion p rob lems.
The object ive of th is study was therefore to screen
groundnut genotypes fo r tolerance for " p o p s " f o rma-
t ion . Selected cu l t i vars shou ld have acceptable
agronomic and seed character ist ics. Such cu l t i vars
w o u l d g ive reasonable seed y i e l d on leached soi ls
w i t hou t l i m i n g .
sown on 15 Dec 1988, was conducted as a randomized
complete b lock design ( R C B D ) w i t h three rep l ica-
t i ons /Seeds were sown 10 cm apart on r idges p re -
pared at 7 5 - c m intervals. The pH of the soi l a t the
t r ia l site was 4.5 at sow ing .
In 1989/90, 58 entries selected f r o m the prev ious
year fo r their l ow " p o p s " percentage and h i gh y i e l d
potent ial were evaluated on the same site. An R C B D
w i t h three repl icat ions was again used. So i l pH was
4.2 and the t r ia l was sown on 5 Dec 1989. In both
seasons, data on y i e l d and y i e l d components were
recorded.
Results and Discussion
Materials and Methods
D u r i n g the 1988/89 c ropp ing season, a " p o p s " screen-
ing g roundnut exper iment was conducted at M i s a m f u
Regiona l Research Stat ion. The exper iment inc luded
180 groundnut genotypes w i t h va r ied phenology, i n -
v o l v i n g both local and exot ic mater ia l . T h e t r i a l ,
There were s igni f icant d i f ferences among genotypes
for seed y ie ld and shel l ing percentage in both years.
L o w y ie lds were observed in the second year. S ign i f i -
cant seedl ing mor ta l i t y occur red w i t h i n 3 weeks after
sow ing . The l o w shel l ing percentage (mean = 2 7 % )
and the h igh " p o p s " percentage (mean = 7 2 % ) were
the ma in effects of soi l ac id i ty in the second year
(Table 1). Sarmezey (1978) repor ted s imi la r results.
Cultivar 1988/89 1989/90 88/89
Comet
C 16/10/11
ICG-1152
ICG 9096
ICG 3243
ICG 9097
ICG 777
ICGMS 36
Gambia Bunch D 
Ch. 83/74
Robut 33-1
ICGV-SM 86068
Makulu Brown1
Copperbelt runner (C)
Mean2
SE
C V (%)
0.52
0.53
0.82
0.58
0.57
0.55
0.55
0.53
0.51
0.48
0.50
0.43
0.23
0.16
0.39
±0.02
10.6
0.58
0.54
0.48
0.42
0.40
0.37
0.34
0.33
0.33
0.31
0.29
0.27
0.11
0.16
0.18
±0.02
70.3
65
50
70
55
54
60
70
40
42
58
36
28
43
44
41.6
±3.8
15.7
89/90 88/89
51
41
67
39
55
41
37
36
36
27
43
31
41
27
27.4
±5.8
34.9
49
62
8
43
86
36
26
65
63
56
79
80
212
46
63.6
± 5.2
7.3
89/90
44
60
48
72
30
48
42
78
78
74
34
48
60
92
71.5
± 8.1
19.6
68
Table 1. Performance of selected groundnut genotypes on acid soils, Misamfu Regional Research Station, 1988/89 and
1988/90 seasons.
Seed yield (t ha"1) Shelling percentage "Pops" (%)
1. Control.
2. Means are for 180 entries for 1988/89 and 58 entries for 1989/90.
Table 2. Correlation coefficients among yield components of groundnut cultlvars grown on acid soils.
Seed yield
"Pops" (%)
Shelling percentage
100-seed mass
No. pods plant -1
* P < 0.05.
Seed yield
1.00
-
-
-
-
"Pops" (%)
-0.57*
1.00
-
-
-
Shelling
percentage
0.67*
-0.77*
1.00
-
-
100-seed mass
0.40*
-0.58*
0.29
LOO
-
No. pods plant'1
0.56*
0.18
-0.74*
-0.35
1.00
Var ia t ion among genotypes for y i e l d was par t ic -
u lar ly pronounced du r i ng the f i rs t year at M i s a m f u .
Posit ive and s igni f icant corre lat ions were observed
between seed y i e l d and 100-seed mass and between
seed y ie ld and number of pods per plant (Table 2) .
These results con f i rmed prev ious observat ions that
y ie ld is reduced when " p o p s " incidence increases,
wh i l e the number of pods per plant increases or re-
mains unchanged. The f ind ings o f prev ious re-
searchers ( C h i o w et a l . 1983, D h o l o r i a et a l . 1972,
Cof fe l t and H a m m o n d 1974, and L i n 1954) are also
corroborated by the results.
Broad sense her i tab i l i t y estimates were moderate
for seed y ie ld ( 4 3 % ) , 100-seed mass ( 40% ) , and n u m -
ber of pods per plant ( 3 5 % ) . However , low estimates
were obta ined for " p o p s " ( 7%) and she l l ing percent-
age ( 9 % ) .
Conclusions
• Env i ronmenta l factors play a more impor tant ro le
in " p o p s " fo rmat ion than do genetic factors as
indicated by l o w her i tab i l i t y for " p o p s " percent-
age. Select ion for " p o p s " tolerance w i l l requ i re
many cycles and large populat ions.
• The screening method resulted in the ident i f ica-
t ion of ent ry I C G 1152 as hav ing a reasonable
level o f tolerance for " p o p s " fo rmat ion . Th is ge-
notype has also shown h igh y i e l d potent ial
(0.5-0.8 t ha -1 w i t hou t fe r t i l i ze r ) .
• Fur ther studies on this subject shou ld include
phys io logy , genetics, and nu t r i t i on .
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Discussion
Nigam: 1. Y o u said that when a plant ' rea l i zes ' i t has
empty pods, i t produces mo re pods-so what is y o u r
prob lem? The plant is a l ready t r y i n g to solve its o w n
p r o b l e m . 2 . W h y shou ld the negat ive cor re la t ion bet-
ween " p o p s " percentage and seed y i e l d w o r r y you?
Th i s on ly means that by select ing for h i gh seed y i e l d ,
y o u can reduce " p o p s " percentage. 3 , The l ow he r i -
tab i l i t y fo r " pops ' ' percentage is due to var ia t ion in
soi l pH i n the f i e l d . I f y o u improve the un i f o rm i t y o f
l ow so i l p H , the h 2 estimates w i l l increase.
Syamasonta: 1. W h a t wor r ies me here is that the
fo rmed pods may be empty . 2 . The negative cor re la -
t ion does not w o r r y me because select ing for h i gh
y ie ld w o u l d lower " p o p s " percentage. 3 . I agree w i t h
y o u , but this subject requires fur ther study.
Williams: W o u l d y o u care to comment on the d i f fe r -
ence in your results and those that I presented in my
paper? I suggested that some s imple considerat ions
such as pod size and dispersal may be ef fect ive.
Syamasonta: The fact that smal l-seeded cul t ivars are
more tolerant to " p o p s " fo rmat ion is we l l docu -
mented, but farmers prefer med ium to large nuts. The
dispersal o f pods in runner types w i l l be fur ther
invest igated.
Olorunju: Wha t components d i d y o u use to calculate
your h 2 estimates?
Syamasonta: B road sense her i tab i l i t y estimates were
calculated f r o m components o f var iance.
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Regional Screening of Groundnut Germplasm
for Late Leaf Spot and Rust Resistance in Swaziland
D.M. Earnshaw and Y.P. Rao
1
Abstract
D u r i n g 1990 / 9 1 , 22 groundnut germplasm l ines were tested f o r late l ea f spot resistance, a n d an
equa l number of l ines were tested f o r rust resistance in Swaz i land under a reg iona l cooperat ive
p r o g r a m . Nineteen of the 22 l ines tested f o r late l ea f spot resistance reacted as susceptible to h igh ly
susceptible, the disease scores rang ing f r o m 6 to 9 . However, entr ies NC Ac 17132, PI 476164, a n d
PI 476168 showed some to le rence fo r late l ea f spot. Screening f o r rust resistance was inconclusive
because of interference f r o m late lea f spot, a much fas ter spread ing disease under the p reva i l i ng
condi t ions. I t is suggested that in a l l f u tu re screening p rograms, attempts be made to a v o i d
undesi red disease problems.
Resumo
ObservaqoeSy avaliaqao da resistencia de germoplasma de amendoim a mancha da folha e 
ferrugem na Swaziland. Em 1990 / 92 , 22 l inhas de germoplasma de amendo im f o r a m testadas
sobre a resistencia a mancha da f o l h a e s imultaneamente um numero i g u a l de l in l ias da mesma f o i
testada sobre a resistencia a f e r rugem na Swazi land. Dezanove das 22 l in l ias testadas sobre
resistencia a mancha ta rd ia da f o l h a reag i ram como susceptiveis a al tamente susceptiveis o registo
da doenca ox i lou de 6 a 9 - Porem, N C A C 17132, Pl 476164 e PI 476168 most ra ram uma certa
to leranc ia a. mancha ta rd ia da f o l h a . Observacoes a resistencia a f e r r ugem f o r a m inclusos p o r
causa da inter ferencia da mancha ta rd ia da f o l h a , uma doenga que se espalha rapidamente nas
condicoes prevalescentes. Sugere se que em todos os p rogramas de ava l iaqao no f u t u r o tentativas
devem ser fe i tas p a r a ev i tar o p rob lema indesejado.
Introduction
Swaz i land was chosen for regional screening of
groundnut germplasm for resistance to late leaf spot
(Phaeoisariopsis personata) and rust (Puccinia ar-
achidis). Results of the 1989/90 screening were p re -
sented at the Second Regional Groundnut Plant
Protect ion G r o u p Tour in Feb rua ry -Ma rch 1991. In
1990/91, 22 l ines were tested for late leaf spot resis-
tance and an equal number for rust resistance. The
results obta ined are repor ted in this paper.
Experimental Details
T w o rows for each test l i ne , each row 4 m long , were
sown at spacings of 45 cm between rows and 10 cm
w i t h i n rows. A f t e r each test l i ne , a row of Nata l C o m -
m o n was sown as a disease spreader. T h e spreader
row was sown 2 weeks p r i o r to sow ing the test l ines.
M a l i m b a was sown as a local cont ro l . The p l o t re-
ceived a compound N P K fer t i l i zer 2:3:2(22) at 0 .30 t 
ha-1. Weed ing was done regu lar ly . The season ( N o -
vember to A p r i l ) recorded a total ra in fa l l of over 1000
1. Teaching Assistant, and Professor, Crop Production Department, Faculty of Agriculture, University of Swaziland, P.O. Luyengo, Swaziland.
Earnshaw, D.M., and Rao, Y.P. 1992. Regional screening of groundnut germplasm for Late leaf spot and rust resistance in Swaziland. Pages
71-73 in Proceedings of the Fifth Regional Groundnut Workshop for Southern Africa, 9-12 Mar 1992, Lilongwe, Malawi (Nageswara Rao, R.C.,
and Subrahmanyam, P., eds,). Patancheru, A.P. 502 324, India: International Crops Research Institute for the Semi-Arid Tropics,
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m m , most o f i t f a l l i n g between December and M a r c h .
U s i n g a m o d i f i e d I C R I S A T 9-po in t f ie ld disease
scale, late leaf spot and rust intensit ies were recorded
at m a x i m u m disease deve lopment -approx imate ly 2 
weeks p r i o r to harvest ing. O the r diseases o f impor -
tance were also recorded. C r o p protect ion measures
inc luded one spray ing w i t h d imethoate a t (3 mL L-1
water concentrat ion) to cont ro l a severe attack of
th r ips .
Results
In the late leaf spot exper iment , 19 of the 22 l ines
tested gave scores rang ing f r o m 6 to 9 (Table 1). O n l y
3 l ines, NC Ac 17132, PI 476164, and PI 476168,
Susceptible controls Susceptible control cultivars
ICO 221 T M V 2 9 5 - ICG 221 T M V 2 1 9 6 
ICG 799 Robut 33-1 9 6 - ICG 799 Robut 33-1 1 9 4 
Malimba 9 5 - - Malimba - 9 6 
1. Diseases scored on a 9-point scale where I = no disease 1. Diseases scored on a 9-point scale where 1 = no disease
present, 9 = 80-100% leaf area damaged. present, 9 = 80-100% leaf area damaged.
showed tolerance for the disease. Most of the lines also
developed moderate levels of early leaf spot (Cercospora
arachidicola) and a low intensity of rust (Pseudomonas
solanacearum). Isolated cases of bacterial w i l t were also
recorded in some lines (EC 76446 (292), PI 350680, PI
259747, PI 270806, PI 341879, and PI 405132). W i t h
regard to rust screening, the disease scores obtained
were generally very low (Table 2). Late leaf spot was,
however, the most dominant disease in this experiment
as wel l , severely affecting almost all lines.
Conclusions
Seasons w i t h total ra in fa l l o f over 1000 mm and an
average m a x i m u m temperature o f 2 6 . 9 ' C and a m i n i -
Disease scores
Germplasm
entry
ICG 1707
ICG 1710
ICG 2716
ICG 4747
ICG 6022
ICG 6330
ICG 6340
ICG 7013
ICG 7621
ICG 7881
ICG 7884
ICG 7888
ICG 7897
ICG 10029
ICG 10035
ICG 10891
ICG 10920
ICG 10931
ICG 10936
ICG 10951
ICG 10975
ICG 11485
Identity
NC Ac 17132
NC Ac 17135
EC 76446 (292)
PI 259747
NC Ac 927
PI 270806
PI 350806
NC Ac 17133 - RF
NC.Ac 17718
PI 215696
PI 341879
PI 393516
PI 405132
PI 476164
PI 476172
PI 476018
PI 476152
PI 476164
PI 476168
PI 476178
PI 476195
PI 393530
Late
leaf
spot
4
7
6
8
7
9
7
6
8
7
6
7
8
8
8
9
9
4
5
7
8
9
Early
leaf
spot
3
3
4
3
4
4
4
3
4
3
4
5
7
6
3
7
5
5
4
3
3
4
Rust
1
1
1
1
1
1
1
1
2
1
1
2
1
3
2
1
3
2
4
2
4
-
Germplasm
entry
ICG 1697
ICG 1710
ICG 4746
ICG 6284
ICG 6330
ICG 6340
ICG 7340
ICG 7883
ICG 7888
ICG 7890
ICG 7893
ICG 9294
ICG 10030 A 
ICG 10031
ICG 10042
ICG 10052
ICG 10053
ICG 10061
ICG 10068
ICG 10939
ICG 10978
ICG 11285
Late
leaf
Identity Rust spot
NC Ac 17090
NC Ac 17135
PI 298115
NC Ac 17500
PI 270806
PI 350680
WCG 182 198/66
PI 315608
PI 393516
PI 393526
PI 393531
58-295
PI 476166
PI 476168
PI 476177
PI 476182
PI 476183
PI 476186
PI 476192
PI 476172
PI 476197
PI 476165
1 7 
1 6 
1 8 
1 6 
1 5 
1 7 
4 7 
1 9 
1 5 
1 6 
1 8 
3 8 
1 9 
1 9 
1 9 
1 8 
1 9 
2 9 
1 9 
1 8 
1 9 
1 8 
Early
leaf
spot
5
4
6
4
5
5
4
6
5
6
4
4
3
4
4
5
4
4
5
5
4
5
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Table 1. Screening of groundnut germplasm for resis- Table 2. Screening of groundnut germplasm for resis-
tance to late leaf spot disease. tance to rust.
Disease scores1
m u m o f 15.9.C were general ly conduc ive to develop-
ment o f fo l ia r diseases.
Late leaf spot, as expected, dominated the scene,
and affected severely most of the l ines in bo th late
leaf spot and rust screening. W h i l e leaf spot screening
was successful , rust screening was less so because of
interference f r om late leaf spot. T h e h i g h incidence o f
late leaf spot may have prevented rust f r o m establ ish-
ing to its ful lest potent ia l . I t is therefore essential to
cont ro l such unwanted diseases in nurser ies where
resistance to specif ic diseases are be ing sought. A c -
co rd ing to P. Subrahmanyam of the S A D C C / I C R I -
S A T Groundnut Project , M a l a w i (personal c o m -
munica t ion) , carbendaz im to cont ro l leaf spot and t r i -
demorph to cont ro l rust can be sprayed. Bu t such
fungic ides, w h i c h are not loca l ly avai lable, must be
suppl ied a long w i t h seeds.
Discussion
Nigam: W h i l e genotype PI 270806 has a score o f 9 
for late leaf spot in Table 1, it shows a score of 5 for
the same disease in Table 2. Were these two exper i -
ments conducted at the same locat ion du r i ng the same
season? If so, what are the reasons for this
di f ference?
Earnshaw: Yes, they were g r o w n at the same place
and d u r i n g the same season. But since we d i d not
inoculate the plants w i t h the pathogens for even d is t r i -
but ion of the disease, I t h i nk the disease was not
evenly d is t r ibuted.
Ndunguru: Wha t were the y ie lds l i ke in this t r ia l?
Earnshaw: W e were not interested i n y ie lds - the ex-
per iments were focused on disease resistance.
Subrahmanyam: In ternat ional Groundnut Late L e a f
Spot Disease Nurse ry ( I G L D N ) and Internat ional
Groundnut Rust Disease Nurse ry ( I G R D N ) t r ia ls
should be conducted in locat ions where the disease is
severe and where the interference f r o m other diseases
is l ow. Th is can be achieved by select ing the expe r i -
mental sites care fu l ly . I f i t is not possible to do that
under natural disease pressure, y o u shou ld t r y to c re-
ate this s i tuat ion ar t i f i c ia l l y by inocu la t ing the in fec-
tor rows w i t h rust and late leaf spot, as descr ibed in
the logbooks suppl ied to y o u . The interference o f
other diseases can be m i n i m i z e d be spray ing carben-
daz im o r t r i demorph in your t r ia ls . I n fact, i f y o u
ar t i f i c ia l l y inoculate the infector rows you w i l l m i n i -
m ize the interference of other diseases to a greater
extent.
Freire: Nata l C o m m o n is w ide l y cu l t ivated. W h y
d i d n ' t y o u use it as a contro l?
Earnshaw: We used i t as a disease spreader since i t
is very susceptible.
Banda: H o w were y o u able to score for leaf spots
using I C R I S A T ' s 9-point scale w i thou t go ing in to de-
ta i led leaf -by- leaf assessment?
Earnshaw: Since ear ly leaf spot comes very ear ly in
the season in Swaz i land-usua l l y it is the first disease
to o c c u r - i t i s not d i f f i cu l t to score. Us ing I C R I S A T s
9-point scale, we look at the general severi ty of the
disease per test l ine . Bu t w i t h late leaf spot and rust, I 
w o u l d agree that i t is qui te d i f f i cu l t .
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Effect of Sowing Time on Groundnut Yield in Botswana
A. Mayeux
1
Abstract
Spanish groundnut genotype 55 -437 was sown under m i n f e d condi t ions at di f ferent dates to eva lu-
ate the effect o f sowing t ime on reproduct ive a n d y i e l d components. Sowing date d i d not effect the
t ime o f f i r s t f l o w e r appearance, but subsequent f lower ing was h igh ly dependent on r a i n f a l l d i s t r i bu -
t ion . Ea r l y (November) a n d m i d (December) sowing dates p roduced we l l -deve lopedp lan ts , wh i le
late (January/ Februa ry ) sown crops were stunted w i t h poo r l y f i l led pods. The ear ly -sown c rop
matu red when there was a h i gh p robab i l i t y o f r a i n a n d the r isk o f seed germina t ion was h igh .
Groundnu t eff ic ient ly exp lo i ted so i l mois ture a n d abundant r a i n f a l l l ed to h igh hau lm y i e l d w i t h a 
smal ler increase in p o d y ie ld . In two seasons, a December sowing gave the best y i e l d a n d the
highest seed qual i ty .
Resumo
Efeito da ipoca da sementeira no rendimento de amendoim em Botswana. O genot ipo Spanish
55 -437 f o i semeado na estagdo chuovosa em diferentes datas de sementeira p a r a ava l i a r a data
efectiva da sementeira, p roducao e rendimento dos componentes. A data da sementeira ndo afectou
o tempo do in i c io da floracao mas subsequentemente a floragdo esteve al tamente dependente da
d is t r ibu igao das chuvas. Sementeiras nos p r i nc i p i os de Novemebro e meiados de D e i e m b r o p r o -
duz i ram p lantas hem desenvolvidas enquanto que as sementeiras ta rd ias de Jane i ro e Fevrei ro as
p lantas estiveram atrof iados e com pobre preenchimento de vagens. A cu l tu ra semeada cedo
a t i ngu iu a maturacao quando hav ia fo r tes p robab i l idades de chuvas e o r i sco de germinacao de
amendo im era m a i o r O amendo im exp lorou efectivamente a humidade, a abundac ia de chuvas
induz iu o m a i o r crescimento da pa r te aerea pouco aumento de produgdo de vagens entre as duas
epocas, as sementaireas de D e i e m b r o deram melhores rendimentos e semente de a l ta qua l idade.
Introduction the effects o f sow ing dates on y ie lds and encourage
farmers to sow groundnut at the r i gh t t ime .
Because sorghum and maize have p r i o r i t y over
groundnut under the current f a r m i n g system in Bo t -
swana, groundnut does not a lways receive the re - Materials and Methods
qu i red attent ion. For example, sow ing c o u l d be done
between November and February , depending on the In a 2-year exper iment at Sebele Research Stat ion,
interest o f the farmers in this c rop. In v i ew of the seed three sow ing per iods were studied in the f i rs t year
and labor costs, the purpose of this t r ia l was to study and four in the second year.
1. Research Officer, Oilseed Division, Department of Agricultural Research, P/B 0033, Gaborone, Botswana.
Mayeux, S. 1992, Effect of sowing time on groundnut yield in botswana. Pages 75-79 in Proceedings of the Fifth Regional Groundnut Workshop
for Southern Africa, 9-12 Mar 1992, Lilongwe, Malawi (Nageswara Rao, R.C., and Subrahmanyam, P., eds,). Patancheru, A.P. 502 324, India:
International Crops Research Institute for the Semi-Arid Tropics.
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• Beginning of the rainy season (mid-November);
early sowing-ES
• 1 month later (mid-December): mid sowing-MS
• 2 months later (mid-January): late sowing-LS
• 3 months later (mid-February): very late sowing-
VLS
The trial was conducted on sandy soil marked by a 
compact ferruginous zone, varying in thickness,
about 1 m below the surface. A randomized complete
block design with three replications was used on plots
of six rows, each 6 m long. Seed of Spanish cultivar
55-437 was sown manually in rows spaced 75 cm
apart, with 10-12 cm spacings along each row. Seed
was protected by a fungicide/insecticide mixture
(captan and malathion). Fertilizer in the form of 0.2 t 
ha-.1 of single superphosphate (10.5% P) and 0.1 t ha-1
of limestone ammonium nitrate (28% N) were ap-
plied. Weeds were controlled by manual hoeing. The
water potential of the soil was monitored using a neu-
tron probe calibrated at 10, 25,40, 55, 60,75, 85,100,
115, and 130 cm with aluminum access tubes (45 mm
diameter) placed in the middle of each plot. Two
plants were uprooted every 10 days to monitor devel-
opment of various vegetative growth and reproduc-
tive organs. Leaf area was measured by planimetry.
Flowering was monitored each day on two tagged
plants plot-'.
Results and Discussion
Climatic conditions
Temperatures were normal with a mean maximum of
30oC from November to February, fall ing to 25°C in
Apr i l . The minimum temperature throughout the sea-
son ranged from 18°C to 20oC, but fell to 8°C in May.
Daily pan evaporation ranged between 4 and 8 mm.
Total rainfall was 471.1 mm in 1989/90 (October-
May) and 571.1 mm in 1990 / 91 (October-March).
Vegetative growth and flowering
Flowering began 30 days after sowing (DAS) for all
four dates (Fig.1). Flowering intensity was the same
for the first few days, and then rapidly became depen-
dent on rainfall. Figure 1 shows the significant varia-
tions of rainfall pattern during the flowering period.
Since 90% of pod production is determined by the
flowers produced in the first 3 weeks, the total num-
ber of flowers produced after 20 days was 73 for (ES),
128 for (MS), 124 for (LS), and 74 for (VLS). The
longer flowering period of ES allowed a longer pod-
ding period but the later pods were of poor quality
(see harvest analysis).
During the 1990/91 season, leaf production fol-
lowed a similar pattern for ES and MS until the 70th
day after sowing. However, ES retained almost all its
leaves until harvesting at the end of March, while MS
was severely defoliated after the abrupt end of the
rainy season. The LS and VLS plants remained
stunted, with a maximum leaf area index of 1.5 (com-
pared with 4.3 for ES).
Development of pegs, pods, and seeds
In the 1989/90 season, with no water stress after sow-
ing, sowing date did not significantly affect appear-
ance of the first pegs, which occurred around the 35th
day after sowing. However, number of pegs plant-1
produced in the first 3 weeks increased from 8 for ES
to 37 and 36 for MS and LS. During the 1990/91
season, drought stress in December delayed peg ap-
pearance. Low relative humidity in December (57%
at 0800 compared with 73% for January) was proba-
bly responsible for reduced flower fertility in the ES.
The number of pods and seeds followed the same
pattern. In the late sowing, peg production was simi-
lar to MS because of good soil moisture; however, the
number of pods declined dramatically due to unfavor-
able environmental conditions.
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Figure 1. Effects of sowing dates on flowering of groundnut (55-437), Sebele Research Station, Botswana, 1989/91. 
(VLS)
(LS)
(MS)
(ES)
35 40 45 50 55 60 65 70 75 80
Days after sowing
32 37 42 47 52 57 62 67 72 77 82 87
Days after sowing
1989 / 90
Table .1. Effect of sowing dates on the distribution of dry matter in stems, leaves, and pods (expressed as percentage of
total plant mass), In groundnut 55-437 over two seasons at Sebele Research Station, Botswana.
Distribution of dry mass (%)
Stems Leaves Pods
Sowing dates
ES
MS
LS
VLS
Mean
CV (%)
Final stand
('000 ha-1)
95.4
91.5
91.2
91.8
92.5
5.2
Haulm yield
(t ha-1)
5.62
3.10
2.18
1.70
3.15
11.3
Pod yield
(t ha-1)
1.41
1.37
0.75
0.15
0.92
9.4
Mixed
seed yield
(t ha-1)
0.90
0.93
0.50
0.11
0.61
12.5
1st grade
seed yield
(kg ha-1)
615
734
339
89
444
19.9
Changes with time in stem, leaf,
and pod mass
Rainfa l l plays a major role in plant development. Ta-
ble 1 shows d r y matter pa r t i t i on ing between stems,
leaves, and pods as a percentage of total d r y mass
product ion . Defo l ia t ion 1 month before harvest ing in
MS was very severe, f o l l o w i n g an early end to the
rainy season. Lea f mass represented 18.4% of total
plant mass of the plant compared w i t h 31.0% for ES.
At harvest, the ES plants reached a mean height of
53.3 c m , compared w i t h 37.5 cm for M S , 28.5 cm fo r
L S , and 18.2 cm for V L S . Pod mass at harvest was
3 6 . 7 % for ES and 55.1 for M S .
The compar ison between the two seasons was
simi lar , w i t h wel l -developed plants (d ry mass) for
November (ES) and December ( M S ) , and a very s ig-
ni f icant reduct ion in development in January (LS) and
February ( V L S ) .
Yield
The effect of ra infa l l was greater on vegetative devel-
opment than on reproduct ive organ development. The
ES plants, wh i ch were harvested in m i d - M a r c h before
the end of the ra iny season, had a fair amount of
hau lm y i e l d , wh i ch explains their h igher y ie lds when
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DAS
30
60
90
120
1 = 1990/91,
Sowing date
ES
MS
LS
VLS
ES
MS
LS
VLS
ES
MS
LS
VLP
ES
MS
LS
VLS
2 = 1989/90.
1
1.5
4.6
3.0
2.0
19.4
51.9
13.2
11.4
54.1
51.5
37.1
12.5
98.1
67.6
23.2
14.7
2
1.4
1.7
1.4
-
11.7
20.8
16.9
-
20.7
31.1
20.8
-
46.3
47.6
24.7
-
1
20.0
30.4
30.0
25.0
47.9
32.4
32.6
21.1
31.4
37.9
34.5
37.6
35.7
29,6
29.7
38.8
2
36.8
35.9
34.3
-
42.9
28.7
26.6
-
34.3
25.7
28.4
-
23.8
18.7
30.8
-
1
53.3
59.8
63.3
60.0
45.1
39.1
55.3
71.9
32.3
40.4
30.7
42.4
29.9
8.1
18.1
40.8
2
63.2
64.1
65.7
-
53.7
43.3
65.1
—
48.3
38.6
48.1
-
33.0
28.8
35.2
-
1
0.0
0.0
0.0
.0.0
1.2
22.2
2.3
2.6
31.1
34.6
27.0
11.2
30.3
57.7
47.0
13.6
2
0.0
0.0
0.0
-
3.4
28.0
8.3
-
17.4
35,7
23.6
-
43.2
52.5
34.0
-
Table 2. Yields of groundnut (55-437) over two seasons at Sebele Research Station, Botswana.
Total dry
mass (g)
compared w i t h the other sow ing dates, T h e LS suf-
fered f r o m drought and thus accelerated p lant
de fo l ia t ion .
D i f fe rences i n p o d y i e l d were h i g h l y s igni f icant
between sow ing dates. Pod y ie lds decreased s ign i f i -
cant ly between the ear ly s o w i n g date (1.41 t ha-1) and
the ve ry late sow ing date (0.15 t ha"1).
A compar ison of the November and December
sowings showed almost no d i f ference in pods ha-1
(Table 2) . However , an extended f lower ing pe r i od for
the ear ly sow ing (Fig.1) led to p o d produc t ion over a 
longer pe r i od . The later pods d i d not reach f u l l ma tu -
r i t y because the plants were harvested ear ly w h i l e so i l
mois ture was h i g h to prevent germina t ion o f the f i rs t
mature seeds. As a resul t , the last pods to f o r m were
not f u l l y mature , resu l t ing in the reduced she l l ing
percentage o f qua l i t y seed f r o m 45.1 for the N o v e m -
ber ES to 53.7 for the December MS (Table 3 ) . i n
terms of qua l i t y seed p roduc t ion ha*1, the mass d i f fe r -
ence is 119 k g , the equivalent of U S $ 61 (as of A p r i l
1991). T h e percentage o f poo r l y f i l led pods ( "pops" )
in ES was s ign i f icant ly h igher than in MS due to the
extended pod fo rmat ion pe r iod .
Table 3. Harvest quality of groundnut (55-437) over two
seasons at Sebele Research Station, Botswana.
Shelling 100-
100-pod percentage1 seed
mass -------------------- mass
Sowing dates
ES
MS
LS
VLS 3
Mean
C V ( % )
(g)
49.2
54.6
44.9
40.4
47.3
11.4
A
63.6
67.8
64.2
60.5
64.0
5.6
B
45.1
53.7
43.2
46.1
47.0
12.7
(g)
21.2
23.2
18.2
19.0
20.4
9.0
"Pops"2
18.0
11.6
15.7
22.9
17.1
49.0
1. A = mixed seeds, B = good seeds.
2. Measured as percentage of aborted seeds.
3. Only 1990/91.
Water consumption
Abundan t ra in fa l l a t ES in 1990/91 resul ted in a lmost
100% increase in hau lm y ie l d and 5 0 % increase in
p o d y i e l d for the Spanish type genotype (Table4) .Wa-
ter use ef f ic iency, expressed as mm of water con -
sumed (evapo-transpirat ion) per kg o f p o d , assuming
that no water drains to be low the 130 cm zone, was
s imi la r for the t w o seasons w i t h an average of 3.5 kg
mm- 1 . A root system study showed that groundnut is
qui te a f lex ib le p lant w i t h regard to soi l water, and is
capable o f e f fect ive ly exp lo i t i ng soi l mois ture by
very qu i ck l y ex tend ing its root system.
Conclusions
Analyses of the advantages and disadvantages of each
sow ing date are summar ized be low.
Early sowing (ES)
• Due to the low probab i l i t y of ra in in October to
bu i l d up soi l mois ture reserves, ES can suffer very
qu i ck l y i f ra in fa l l i s l ow .
• M i n i m u m temperatures are sometimes l ow at this
t ime of year, and this delays seedl ing emergence.
• F l owe r i ng per iod is long , leading to a range of
pod matur i t y , then an increase of immature pods
m i x e d w i t h mature pods at harvest.
• Plants reach matur i ty when the p robab i l i t y of ra in
is s t i l l h i g h , pos ing harvest ing and d r y i n g p rob-
lems. Losses attr ibutable to seed germina t ion can
be h igh .
Intermediate sowing (MS)
• So i l water reserves are assumed to be adequate for
the plants to wi thstand sl ight water defici ts.
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Table 4. Water-use efficiency on a groundnut crop (55-437) sown at different times.
Yields Water use efficiency
Sowing Rainfall Pod Haulm Pod Haulm
date (mm) (t ha-1) (t ha-1) (kg mm-1) (kg mm-1)
ES
MS
LS
VLS
89/90 90/91
275.8 486.3
177.8 355.9
222.3 283.9
222.4
89/90
1.13
1.44
0.66
90/91 89/90
1.69 3.82
1.31 3.42
0.85 2.46
0.15
90/91
7.43
2.78
1.87
0.17
89/90
3.2
5.7
2.5
90/91
3.8
3.4
22
0.5
89/90 90/91
10.8 16.7
13,5 7.2
9.4 4.9
5.7
• H igher temperatures favor development th rough-
out the g row th cyc le .
• Harvest ing is completed d u r i n g a p e r i o d w i t h a 
l o w p robab i l i t y o f ra in . Th i s faci l i tates d r y i n g , and
harvests are o f h i gh qua l i ty .
Late sowing (LS)
• The c rop is a lways sown under g o o d cond i t ions,
since soi l water reserves are h i gh .
• F l owe r i ng and peg fo rmat ion are also good , but
the wel l -deve loped plants can rap id ly suffer f r o m
drought stress due to the errat ic ra in fa l l at the end
of the season.
• The l ow temperatures at the end of the cyc le re-
duce plant metabol ic ac t iv i t y , resu l t ing in sma l l ,
poor l y f i l led pods.
• The ear ly sowings f r om January and February are
susceptible to infestat ion by aphids (rosette vec-
tor ) , that are more numerous at this t ime of year.
These results indicate that sow ing groundnut in
Botswana d u r i n g m id -December results in op t ima l
pod y ie ld and seed qual i ty .
Discussion
Olorunju: Wha t t ime o f the year is sorghum sown in
Botswana? Since there does not appear to be any
clash in sow ing dates, is i t possible to advise farmers
to sow groundnut before sorghum?
Mayeux: Sorghum, as a staple c rop in Botswana, is
always sown f i rs t , usual ly between m id -November
and mid-December , depending on the ra iny season.
Since sorghum and groundnut have s im i la r g r o w i n g
cycles (120 days) , select ion of a shor t -durat ion
groundnut cou ld be a so lu t ion .
Ndunguru: Catt le p lay a more impor tant ro le in the
economy of Botswana than f ood crops. W h a t is the
potent ia l o f g r o w i n g long-durat ion groundnut for f o d -
der, par t i cu la r ly d u r i n g the long d r y season when
pastures may be in short supply?
Mayeux: There are 3 m i l l i o n head o f cattle in Bo t -
swana. G r o w i n g long-durat ion groundnut fo r fodder
w i l l not have a s igni f icant impact and w o u l d be ve ry
uneconomical because graz ing land is so impor tant .
However , we encourage farmers to use groundnut
hau lm to feed draft animals before the c ropp ing
season.
Williams: Have y o u considered the poss ib i l i ty o f
m i x i n g groundnut variet ies? In West A f r i c a , espe-
c ia l l y w i t h cowpea and groundnut , we f ind much
greater stabi l i ty f r o m m i x e d matur i t ies relat ive to
pure variet ies.
Mayeux: I f fa rmers sow in late December, there is no
oppor tun i ty to sow m i x e d variet ies. M i x e d variet ies
should be sown in October, but since p r i o r i t y is g iven
to sorghum, we have had l i t t le success w i t h this idea.
Kefi: To improve groundnut p roduc t ion , the who le
f a r m i n g system shou ld be examined to determine the
leverage points through w h i c h the p roduc t i v i t y can
best be achieved.
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Response of Groundnut Varieties to Drought Stress
at Namulonge Research Station
CM. Busolo-Bulafu
1
Abstract
Groundnut (Arach is hypogaea L.) is a very impor tan t legume crop in Ugandan agr icu l tu re . I t is w e l l
accepted f o r cu l t ivat ion a n d consumpt ion. The general t rend is to increase product iv i ty in a l l crops,
inc lud ing groundnuts. However, one of the fac to rs responsible f o r lower ing this product iv i ty is
drought . P re l im ina ry observat ions have shown that some l ines are h igh ly tolerant of drought stress.
Resumo
Resposta de algumas varidades de amendoim a "stress" provcado pela seca na Estaqao Agraria
de Namlonge. Amendo im (Arach is hypogaea L.) e uma leguminosa de ma io r impor tanc ia na
agr i cu l tu ra de Uganda. O seu cu l t ivo e consumo tern boa acei tacao. A tendencia genra l e aumentar
a produc t iv idade de todas as cul turas inc lu indo amendo im porem, O f a c t o r responsavel pela ba ixa
produc t iv idade e a seca. Observacoes p re l im inares tern mostrado que a lgumas l inhas sao al tamente
to/erantes ao "st ress" o r i g i nado pe la seca.
Introduction
Because agr icu l ture is the backbone of Uganda 's
economy, there is a tendency to emphasize increases
in c rop p roduc t i v i t y per uni t area of land. However,
some abiot ic factors such as drought lower the poten-
t ial p roduc t iv i t y by in ter fer ing w i t h the g row th and
development of the crops.
Drough t is one of the ma in constraints to the p ro-
duct ion of groundnut , the second most w ide ly g r o w n
gra in legume in Uganda. Besides its d i rect effect in
reduc ing groundnut y ie lds, drought discourages
farmers f r om al lev ia t ing effects of other constraints
such as diseases, pests, and nutr ient stresses through
manager ia l practices. One way to increase and stabi-
l ize groundnut y ie lds is to moderate the impact of
drought stress by using tolerant cu l t ivars . Another
way is to match cul t ivars to specif ic agroecological
zones.
Uganda has t w o g row ing seasons. D r y spells at
the beg inn ing and end of each season are common .
However, potent ia l ly damaging d ry spells also occur
at any t ime du r i ng the g r o w i n g seasons. Damage to
groundnut in par t icu lar depends on t ime of occurence
and durat ion of the drought spel l . In the f inal analysis,
recovery of a cu l t ivar and return to active g row th and
development, after exposure to va ry ing per iods of
drought , may be more important than drought avo id -
ance or drought tolerance. A l t hough rel iable esti-
mates of average crop losses due to drought are
lack ing in Uganda, total (100%) losses of the crop
have been observed in some areas.
Mos t o f the farmers g r o w i n g groundnuts in
Uganda are peasants of l im i ted means. These farmers
1. Groundnut Breeder and Coordinator, Namulonge Research Station, P.O. Box 7084, Kampala, Uganda.
Busolo-Bulafu, CM., 1992. Response of groundnut varieties to drought stress at Namulonge research station. Pages 81-82 in Proceedings of the
Fifth Regional Groundnut Workshop for Southern Africa, 9-12 Mar 1992, Lilongwe, Malawi (Nageswara Rao, R.C., and Subrahmanyam, P.,
cds.). Patancheru, A.P. 502 324, India: International Crops Research Institute for the Semi-Arid Tropics,
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are aware that late sow ing results in l ow y ie lds , but
lack o f f a r m power and errat ic ra in fa l l o f ten force
them to sow late. Some farmers g ive p r i o r i t y to other
staple f o o d crops.
A l t h o u g h the Groundnut Improvement Pro-
gramme at Namu longe Research Stat ion has not yet
conducted a fu l l - f ledged study on groundnut response
to drought , several useful observat ions have been
made on mater ials under evaluat ion and screening for
other parameters. Th is paper reports the p re l im ina ry
observat ions on the drought responses of 10 cu l t ivars .
Materials and Methods
Ten variet ies were evaluated at Namu longe Research
Station under ra in fed condi t ions. No i r r iga t ion treat-
ments were appl ied. The exper imenta l design used
was the randomized complete b lock design w i t h f ive
repl icat ions. Each p lot consisted of s ix rows, each 5 m 
long w i t h 0.6 m distance between rows. The t r ia ls
were conducted d u r i n g the two rainy seasons in 1991
(March-Ju ly and September-December) . Observa-
t ions were made on the ab i l i t y of genotypes to recover
and return to act ive g row th after exposure to va r y i ng
per iods under drought stress.
Results and Discussion
The observat ions were made f o l l o w i n g mid-season
droughts in a number of seasons, leading to adverse
effects on the t r ia ls . Despite severe drought , however,
a few variet ies consistently gave better y ie lds, indicat-
i ng better d rought tolerance than others. These va r i -
eties recovered more qu i ck l y after drought stress than
the drought-suscept ib le var iet ies. The l ines ident i f ied
as h igh l y tolerant are long-durat ion types (120-130
days). RMP-12 was one of the best y ie lders.
Unfor tunate ly , l i t t le in fo rmat ion is avai lable on
the extent of y i e ld loss due to drought in Uganda. I t is
therefore desirable to conduct more detai led invest i -
gations i n v o l v i n g drought s imula t ion studies in order
to establ ish the y ie ld losses caused ma in l y by m i d -
season droughts. Research efforts should also put
more emphasis on the development o f drought- to ler -
ant variet ies since this is a natural hazard w h i c h can-
not be eas i l y c o n t r o l l e d . D r o u g h t not o n l y causes
loss o f y i e l d , bu t de te r i o ra t i on i n q u a l i t y because i t
p red isposes the g r o u n d n u t pods to i n f e c t i o n by
Aspergillus sp .
Discussion
Mayeux: Y o u ment ioned your p re l im ina ry observa-
t ions were made f r o m re turn to act ive g row th . Can
y o u make any other observat ions, such as f lowering
( t ime , intensi ty) , w h i c h is more impor tant in re lat ion
to drought and gives a better understanding of p lant 's
abi l i ty?
Busolo-Bulafo: D rough t can occur at any t ime du r i ng
the g r o w i n g pe r i od of the crop. I f the spell occurs jus t
after f lower ing, the f lower ing w i l l be retarded; but i f
mois ture returns, the rate of resumpt ion of f lower ing
w i l l d i f fe r w i t h the variet ies, resu l t ing in d i f ferent
y ie lds.
Nageswara Rao: 1. Wha t were the lowest and highest
y ie ld levels recorded in your t r ia l? 2 . Y o u ment ioned
that long-durat ion genotypes y ie lded wel l in your ex-
per iments. D i d you include genotypes w i t h var ied
durat ion in you r tr ials?
Busolo-Bulafo: 1. Y ie lds ranged between 0.79 and
2.50 t ha-1, wh i l e the average was 1.15 t ha-1. 2. The
series we are evaluat ing now consists ma in l y of l ong-
durat ion variet ies (120-130 days).
Olorunju: I n your t r ia ls , R M P 12 y ie lded 2.50 t ha-1
under stress condi t ions. You said under ra in fa l l (ade-
quate condi t ions) , it y ie lds 3.50 t ha-1. Is that the
norma l y ie ld in fa rmers ' f ie lds for this var iety or does
i t on ly ref lect exper imenta l condi t ions?
Busolo-Bulafo: R M P 12 is a new var iety and has not
yet been released to farmers. We hope to release i t in
the near future since the evaluat ion is an advanced
stage. The average y ie ld is 1.20 t ha-1 in the t r ia ls ,
wh i l e the nat ional average is 0.80 t ha - 1 .
Bosch: Wha t methodo logy d i d you use for s imula t ion
o f drought?
Busolo-Bulafo: We d i d not use any s i m u l a t i o n / T h e
tr ia ls were g r o w n under ra in fed condi t ions. However ,
we intend to conduct mo re detai led t r ia ls where
drought s imula t ion w i l l be used.
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Production Methods
and Farming Systems
Groundnut in the Farming System: A Case Study
in Salima Agricultural Development Division, M a l a w i
T.J. Cusack and N.E. Nyirenda
1
Abstract
The p r i n c i p a l crops g r o w n in the Ch ingu luwe area o f Sa l ima A g r i c u l t u r a l Development D i v i s i o n
are cot ton, maize, a n d groundnut . Bo th the area sown to groundnut a n d the p ropo r t i on o f the
groundnut a rea p lan ted to the recommended cu l t i va r Mawanga are dec l in ing . Farmers ind icate that
these trends are due to the re lat ive ly l o w pro f i tab i l i t y o f groundnuts, the lack o f ava i lab i l i t y o f
Mawanga seed, a n d the super io r d rought resistance of a l ternat ive groundnut variet ies. These
f ind ings suggest that f u tu re research be d i rec ted speci f ical ly towards cu l t i var adaptab i l i t y a n d o n -
f a r m seed storage.
Resumo
Amendoim nos sistemas de producao: um caso em estudo na divisaos de desenvolvionento de
agricultura em Salima, Malawi. As p r i nc i pa l s cu l turas pra t icadas na d iv isao de ag r i cu l tu ra de
Sal ima em Ch ingu lwe sao : a lgodao , m i l h o e amendo im. Tanto a area semeada de amendo im assim
bem como a po rpo rcao da area semeada com o cu l t i va r recomendado de amendo im estdo dec l ina-
ndo. Os agr icu l tores i nd i ca ram que esta tendencia deve-se relat ivamente a ba ixa rentab i l idade de
amendo im, f a l t a de semente de mawanga (var iedade recomendada), f a l t a de var iedades al ter-
nat ivas e tolerantes a seca. Estas informacoes sugerem que as fu tu ras investigacoes devem serem
d i r i g i das especif icamente a adaptab i l i dade de cul t ivares e armazenamente de semento no campo
dos agr icu l tores.
Introduction and Method
The lakeshore area of M a l a w i is h is tor ica l ly an i m -
portant g roundnut -p roduc ing area. In order to ensure
that on-stat ion and on - fa rm groundnut research is un-
dertaken on those topics hav ing highest potent ial i m -
pact on lakeshore smal lho lders , a research p lann ing
exercise is present ly be ing undertaken by the C h i -
tedze-based Groundnut C o m m o d i t y Team. As part o f
this exercise, researchers under took a b r i e f survey of
g roundnu t -g row ing farmers du r i ng the 1991/92 sea-
son, and rev iewed earl ier survey results over the past
5 years ( M w e n d a and Cusack 1988, M w e n d a 1992),
for smal lho lders in the Ch ingu luwe area of Sa l ima
Agr i cu l tu ra l Development D i v i s i o n ( A D D ) . Surveyed
farmers were more commerc ia l l y or iented than aver-
age. Because of their membersh ip in f a rmers ' c lubs ,
they had access to c red i t , their farms were above
average size, and a large p ropor t ion o w n e d their o w n
draft an imals. Farmer survey data were supplemented
by in terv iews w i t h extension staff and by data pub -
l ished by nat ional scientists.
The p r i m a r y object ives o f the study were to iden-
t i f y constraints to groundnut p roduc t ion , and to iden-
t i f y research act iv i t ies wh i ch cou ld address these
constraints. Of par t icu lar concern was the nat ional
1. Economist, and Groundnut Commodity Team Leader, Chitedze Agricultural Research Station, P.O. Box 158, Lilongwe, Malawi.
Cusack, T.J., and Nyirenda, N.E., 1992. Groundnuts in the farming system: a case study in Salima Agricultural Development Division, Malawi.
Pages 85-87 in Proceedings of the Fifth Regional Groundnut Workshop for Southern Africa, 9—12 Mar 1992. Lilongwe. Malawi (Nageswara Rao,
R.C, and Subrahmanyam, P.. eds.). Patancheru, A.P. 502 324. India: International Crops Research Institute for the Semi-Arid Tropics.
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decl ine in groundnut product ion over the past several
years. Output du r i ng the 1984-87 per iod averaged 80
0 0 0 t shel led nuts, compared w i t h an average o f on ly
20 0 0 0 1 du r i ng the 1988-91 pe r iod ( M i n i s t r y o f A g r i -
cu l ture 1991), Th is t rend was ref lected by the dec l in -
ing levels o f output a t the Sa l ima A D D (Sal ima
Agr icu l tu ra l Development D i v i s i o n 1991).
Results
Production changes
Total area of cu l t i va t ion per sampled farmer ranged
f rom 1.2 ha to 5.4 ha, compared w i t h an average fa rm
size for the area of 1.2 ha. Substantial changes have
occurred in the importance of var ious crops between
1986/87 and 1990/91. The p ropor t ion of the fa rm
(consider ing on ly the three pr inc ipa l crops: maize,
cot ton, and groundnut ) sown to maize has remained
constant at approx imate ly 4 0 % , but there has been a 
substantial shi f t away f r om maize composi te cu l t ivars
to maize hybr ids , w i t h strong interest in the var iety
MH 18; respondents indicate that the poor drought
tolerance of the composites and the avai lab i l i ty of
cred i t for hybr ids were the ma in de te rmin ing factors.
Of the total maize area, the propor t ion of maize land-
races has remained at approx imate ly 4 0 % , w i t h hy-
br ids recent ly rep lac ing almost a l l of the composites.
The area sown to cot ton, expressed as a propor-
t ion of the area of p r inc ipa l crops per f a r m , has g r o w n
f rom 4 1 % in 1986/87 to 5 2 % in 1990/91, ref lect ing an
equivalent reduct ion of the area devoted to groundnut .
Farmers expect that cot ton w i l l suffer on ly a 10-20%
decrease in y ie lds under the 1991/92 drought
condi t ions.
The area sown to groundnut has dec l ined f rom an
average of 2 0 % of the sown area of farms in 1986/87
to on ly 8% in 1990/91. For those farmers w h o con-
t inue to g row groundnut for cash sale as wel l as for
home consumpt ion, the typ ical area sown to g round-
nut has dec l ined f rom 0.8 ha in 1986/87 to 0.4 ha in
1990/91. The areas devoted to the var ious groundnut
cu l t ivars have also changed on commerc ia l i zed
fa rms. Whereas approx imate ly 9 0 % o f groundnut
sown du r i ng the 1986/87 season were Mawanga , a 
h i gh p ropor t i on of the total area (approx imate ly 70%)
is now sown to cu l t ivars other than Mawanga. M o r e
land is sown to Cha l imbana than to Mawanga, and the
loca l cu l t ivars Kal isere and M a n i Pintar are also pop-
ular. In add i t ion , M a l i m b a is ga in ing in popu la r i t y ,
a l though i t is not clear how the seed was in t roduced,
hav ing been prev ious ly released on ly for the L o w e r
Shire Va l ley area. Farmers in the s i l t y - loam areas of
Ch ingu luwe expect signi f icant y ie lds on ly f r o m M a l -
imba this season, whereas farmers in sandy- loam
areas expect signi f icant y ie lds f r o m al l cu l t ivars .
Reasons for production changes
M a i n reasons given by farmers for these changes in
groundnut product ion were the remova l o f Mawanga
seed f r om the credi t system due to lack of supply, the
remova l o f the Mawanga seed program f r om
Ch ingu luwe (members of this program received sub-
stantial ly h igher output pr ices w i t h no addi t ional i n -
puts needed), and lower levels of pro f i tab i l i ty for
groundnut than for cot ton. Some farmers were f inding
it d i f f i cu l t to store Mawanga as sowing mater ia l , a l -
though there was some evidence to indicate that
farmers w h o stored Mawanga seed in nkhokwe (bam-
boo storage sheds) were less successful than those
who stored mater ial in sacks in the house.
Despite the wel l - recognized y ie ld advantage of
Mawanga, i t was considered too o i l y to make a suc-
cessful re l ish, and yie lds f luctuated under erratic ra in-
fal l condi t ions. Chal imbana is g r o w n ma in l y for its
taste, and is c lear ly the prefer red cu l t ivar for home
consumpt ion. A l t hough farmers reported that
Chal imbana yields are usual ly less than 5 0 % those of
Mawanga, the seed is easy to store. Kal isere is s imi la r
to Cha l imbana, w i t h somewhat smal ler y ie lds. I t has
s l ight ly superior drought tolerance but is less tasty as
a re l ish. It is usual ly used where Chal imbana is un-
avai lable. Ma l imba is renowned for its maintenance
of y ie ld under severe drought condi t ions, and farmers
reported that they wou ld l ike to include it as perhaps
10% of an ideal groundnut cu l t ivar po r t fo l i o wh ich
wou ld also include 7 0 % Mawanga and 2 0 % C h a l i m -
bana. M a l i m b a is considered intermediate in taste and
y ie ld , and is easy to store, w i t h some farmers suggest-
ing that M a l i m b a can in some seasons be sown twice
w i t h i n the same season. Some farmers also observed
that Mawanga is more prone to termite attack than
other cu l t i vars , and therefore plant populat ion at har-
vest tends to be low.
Farmers indicated that they preferred a rotat ion of
maize/cot ton/groundnut, but due to the smal l areas
devoted to groundnut , cot ton is usual ly rotated w i t h
either of maize or groundnut . The sequence of sow-
ing is often cotton (d ry sown) , fo l lowed by maize and
then groundnut , or maize f o l l owed by groundnut
and cot ton. The groundnut haulms are valued for l i ve-
stock feed, but are not so ld i f the farmer does not o w n
l ivestock. Shells are t h rown away. Farmers often save
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three 35-kg bags of unshel led nuts for domestic con -
sumpt ion and t w o bags for seed. The remainder is
sold to pr ivate traders [1991 pr ices were K 40-45
(US$ 10-12) bag - 1 ] , or at h igher pr ices to farmers for
seed.
Cot ton is va lued for its h igh pro f i tab i l i t y and its
ab i l i ty to y ie ld ef fect ive ly even under the most ad-
verse condi t ions. Ma ize is considered essential for the
domestic prov is ion of staple food, and is moderately
prof i table when hybr ids are used as cash crops.
Farmers are f requent ly reluctant to sow groundnut
because of its l ow pro f i tab i l i t y and because of low
yields du r i ng drought years ( 4 0 % of years). However,
it is valued for home consumpt ion as re l ish , for cash
income, for fe r t i l i t y enhancement, and for the crop 's
abi l i ty (according to one farmer) to substantial ly re-
duce Striga incidence in succeeding maize.
Conclusions
From farmer responses, groundnut product ion in
Ch ingu luwe appears to be constrained by:
• a lack of seed of the recommended cul t ivar ,
Mawanga ;
• low levels of pro f i tab i l i ty of groundnut compared
w i th the other pr inc ipa l crops; and
• low levels of y ie lds of established cul t ivars in low
rainfal l years.
Add i t i ona l extension efforts to promote more ef-
fective domestic seed storage methods, backed up by
an on- fa rm t r i a l , cou ld help to reverse the decl ine in
area sown to the h igh ly product ive cu l t i var Mawanga.
It is un l i ke ly , however, that farmers w i l l be able to
obtain substantial Mawanga seed materials f rom out-
side sources (on credi t or otherwise) in the foresee-
able future. At the same t ime, prices recent ly
received by farmers for unshel led nuts sold to pr ivate
traders are up to tw ice that o f fered by the A g r i -
cul tural Development and M a r k e t i n g Corpora t ion , so
a rev iew of the relat ive pro f i tab i l i ty of groundnut is
needed.
Th is study has raised a number of questions about
the su i tab i l i ty of established cu l t ivars for condi t ions
found in Ch ingu luwe . Researchers should rev iew past
results tor var ie ty /agronomy tr ials on the lakeshore,
Phalombe, and the L o w e r Shire areas, using these as
a basis for des ign ing on - fa rm tr ials in Ch ingu luwe .
M a l i m b a , Mawanga , and cul t ivars such as CG 7 
should be used in these t r ia ls .
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Discussion
Freire: 1. What is the o r i g in o f the local cu l t ivars? 2.
If groundnut prices have doub led , w h y is the crop less
prof i table?
Cusack: 1. Loca l cu l t ivars or ig inated f r om introduc-
tions made by extension/research workers in prev ious
decades. The or ig ina l introduct ions are general ly re-
cognizable as separate cul t ivars in fa rmers ' f ields to-
day. Farmers often mainta in separate stocks and
sowings of these cu l t ivars . 2. Private traders have
recently been a l lowed to purchase groundnuts f rom
farmers, and prices received by farmers have corres-
pond ing ly increased substantial ly. Potential p ro f -
i tab i l i ty is therefore increasing at present, revers ing
the decl ine in pro f i tab i l i t y du r ing the 1980s.
Anders: W h y d id you select the top 2 5 % o f commer-
cial producers: does the remain ing 7 5 % not make an
impact on product ion? Does this group have any con-
tact w i t h the commerc ia l sector? Is there a movement
of technology f rom this top 2 5 % to the other 75%?
Cusack: The sampl ing frame was " fa rmers w h o were
members of farmer c lubs " , because these clubs have
extension contacts and are capable of sw i f t l y re-
sponding to product ion incentives. The remain ing
7 5 % of farmers are d i f f i cu l t for researchers to w o r k
w i t h , but do s igni f icant ly impact product ion. M o v e -
ment of technology f rom the top 2 5 % to the other
7 5 % is s low and i n fo rma l , but is nevertheless quite
effect ive w i t h some technologies.
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Investigations of Cultivation Systems and
Cultural Methods of Weed Control
D.D . Singa
1
Abstract
Research on the mechanized cu l t iva t ion o f groundnut , as w i t h other h igh -p r io r i t y crops in M a l a w i ,
is now b iased towards smal lho lder f a rmers . The smal lho lders produce the bu lk o f the c rop in the
country w i th h a n d cu l t iva t ion pract ices, wh ich usual ly l im i t p roduc t ion to subsistence levels. L a n d
hold ings are general ly sma l l , a n d there is increas ing need to conserve the country's f o re ign reserves
by m in im iz i ng impor ta t ion o f t ractors a n d petro leum products . Th is paper reports recent efforts to
seek improved groundnut p roduc t ion techniques using human a n d a n i m a l draf t power.
Resumo
Inves t igacao nas tecnicas de c u l t i v o : p rac t i cas cu l t u ra i s de con t ro lo de infestantes.
Invest igacao no cu l t ivo mecanizado de amendo im assim como cul turas p r i o r i t a r i a s no Malawi e 
agora baseado em pequenos agr icu l tores, os pequenos agr icu l tores produzem o grosso da p roducao
no pa is com pra t icas de cu l t ivo m a n u a l as quais l im i t am a p roducao pa ra o n ive l de subsistencia.
Possuidores de terras sao geralmente poucos e ha necessidade de conservar as reservas do pa is
(D iv isa ) atravez da d im inu i cao das impor tacoes de tractores e der ivados de petro leo. Este a r t i g o
repor ta esforcos recentes na busca de tecnicas melhoradas de producao de amendo im usando a 
t r a c a o a n i m a l c humana.
Introduction
The Government o f M a l a w i , faced w i t h the need to
increase both land and labor p roduc t i v i t y wh i l e con -
serv ing the coun t ry ' s fo re ign reserves through the
min im iza t i on o f mach inery and o i l impor ta t ion , en-
courages the use of an imal and human power.
Over the past 3 years, a h igh l y p romis ing m u l t i -
purpose tool f rame capable of accept ing a w ide range
of attachments has been developed, tested, and manu-
factured. At tachments are cur rent ly avai lable for
r i dg ing and l i f t i ng . T h e tool f rame has gained in -
creasing popu la r i t y w i t h fa rmers , and as fa rm ma-
ch inery extension services are int roduced in a l l
Agr i cu l tu ra l Development D iv i s ions ( A D D s ) a long
w i t h credi t systems, more farmers should be able to
o w n the equipment. W o r k on a planter, a cu l t i va t ing
t ine, a weeding sweep, and a c l od crusher is under
way.
A farmer is able to save about 3 5 % of the cost of
s ingle implements when he buys too l - f rame w i t h
p l o w i n g and r i d g i n g attachments. The phenomenon
gives a chance to l ow income farmers to o w n the
implements.
M a l a w i is now self-suff ic ient in the manufacture
o f a l l ox -d rawn implements. The problems o f owner-
ship and lack o f h igh adopt ion o f fa rm mach inery
technologies are due to external forces beyond the
contro l o f the f a rm mach inery team and are not exam-
ined in this paper.
1. Farm Machinery Team Leader. Chitedze Agricultural Research Station, P.O. Box 158, Lilongwe, Malawi.
Singa, D.D. 1992. Investigations of cultivation systems and cultural methods of weed control. Pages 89-92 in Proceedings of the Fifth Regional
Groundnut Workshop for Southern Africa, 9-12 Mar 1992. Lilongwe, Malawi (Nageswara Rao, R.C.. and Subrahmanyam. P., eds.). Patancheru.
A.P. 502 324, India: International Crops Research Institute for the Semi-Arid Tropics.
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Cultural Methods
Tr ia l s in weed cont ro l and c rop response f r o m alter-
nat ive cu l t i va t ion systems and subsequent weed ing
methods us ing ox -d rawn equipment on groundnut
were conducted f r om 1981 to 1985 at Chi tedze and
Chi ta la Research Stations (Table 1). The mechanized
systems were based on combinat ions of methods
us ing ex is t ing equ ipment and others w h i c h had be-
come avai lable w i t h the in t roduct ion o f the mu l t i pu r -
pose too l f rame. Planters and l i f ters were developed
between 1982 and 1985 as a cont inuat ion of invest iga-
t ions conducted f r o m 1968 to 1970.
In each treatment in the Chi tedze and Chi ta la
treatments (Table 1), s o w i n g was done by hand. Th ree
plants were sown at each station spaced at 9 0 x 9 0 c m .
Hand weed ing was done at 3 and 6 weeks after sow-
ing . W h i l e no d i rec t measurement o f weed intensity
was recorded, the total labor hours spent weed ing
indicated the overal l impor tance of th is task. Fe r t i l -
izer and pest cont ro l procedures f o l l owed standard
recommended appl icat ions.
too l car r ie r w h i c h i tsel f p roved to be inappropr iate.
The th i rd one, k n o w n as 'Saf in . ' was manufac tured
by the A g r i m a l Company . I t was recommended for
sow ing maize and soybean and featured a special
plate to prov ide adequate seed rate. However , i t
p roved unsuitable for groundnut due to h igh seed
damage and low seed rates. The four th planter, part of
a pedestr ian-operated toolbar package speci f ica l ly de-
signed for ma ize , was not recommended.
A p romis ing doub le - row r idge planter, an add i -
t ional attachment to the new mul t ipurpose toolbar,
was designed and developed by F M U between 1982
and 1985. Th is planter sows on t w o r idges per run and
sows one seed every 30 c m , 3-5 cm deep. The planter
consists of two d r i ve wheels that move inside the
fu r row, two hoppers and seed plates, an opener, and a 
cover. The f inal stage of development has been
reached and two manufacturers have been ident i f ied
( A g r i m a l and L i l o n g w e Sheet Meta l ) .
Field Trial Results
Ox-drawn Planters
Invest igat ions were made into the operat ions of four
types o f ox -d rawn planters in 1969 and 1970. T w o
were the proposed attachments to the Nat iona l Inst i -
tute o f Ag r i cu l t u ra l Eng ineer ing 's whee led , two - row ,
• T ine cu l t i va t ion provides less residual weed con-
t ro l . Deep- t ine cu l t ivators have greater draft re-
quirements than p lows.
• A l t h o u g h r i d g i n g requires extra labor, substantial
labor can be saved w i t h r idge sow ing , especial ly
when the sow ing is done in straight l ines. Th is
Table 1. Cultural methods of cultivation and weed control, Chitedze and Chitala Research Stations, 1981-85.
Treatment
and category Primary and secondary cultivation Weeding method
1. Flat
2. Flat
3. Rat
4. Flat / ridge2
5. Flat/ridge2
6. Flat
7. Flat
8. Flat
9. Flat/ridge2
10. Flat/ridge2
11. Flat/ridge
12. Ridge
13. Ridge
Moldboard plow and harrow
Mold board plow and harrow
Moldboard plow and harrow
Moldboard plow and harrow
Moldboard plow and harrow
Winged deep tine and leading tines3
Winged deep tine and leading tines3
Winged deep tine and leading tines3
Winged deep tine and leading tines3
Winged deep tine and leading tines3
Moldboard plow and harrow and ridge
Moldboard plow and harrow and ridge
Moldboard plow harrow and farmers
Hand (control) as recommended to farmers1
3x250 mm sweeps
5x150 mm sweeps
Ridger
Ridger combine with 2x 150 mm sweeps
Hand (control) as recommended to farmers1
3x250 mm sweeps
5x150 mm sweeps
Ridger
Ridger combined with 2x150 mm sweeps
Hand (control) as recommended to farmers1
Ridger
Ridger combined with 2x150 mm sweeps.
1. Method did not include ox-drawn l i f t ing (as did all other methods).
2. Ridges were built as the season progressed.
3. Winged deep tines were used at a maximum of 300 mm depth with the leading tines at 150 mm deep and spaced at 450 mm.
Seed was sown in line wi th the deep tine.
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faci l i tates weed ing w i t h an ima l d r a w n - i m p l e -
ments.
• Weed ing w i t h cu l t i va tors (t ines and sweeps) is
on l y e f fec t ive when the so i l has average mo is tu re
and weeds are sma l l .
• I f soi l is we l l p l owed , ins ign i f icant y i e l d d i f fe r -
ences are obta ined whether sow ing is done on
r idges or on f la t g round .
• R idger weed ing on f lat-sown crops prov ides good
bank ing systems and saves labor.
• O n l y two weedings are requ i red .
• Groundnu t l i f t i ng using an ima l -d rawn implements
is easier when the c rop is g r o w n on r idges. Perfor-
mance o f crops sown on f la t g round deter iorated
over 3 years of t r ia ls . Poor pegg ing was observed
under such cond i t ions .
Lifting
Tr ia l s d u r i n g the 1968/69 and 1969/70 seasons on
blades and shares for l i f t i ng groundnuts indicated that
a curved 6 0 0 - m m blade was the most sui table. Such a 
blade penetrates the r idge ef fect ive ly w i t h m i n i m a l
draf t requi rement . Flat blades were recommended be-
cause they can be reversed, thereby ha l v i ng sharpen-
ing t ime.
Ano ther revers ib le leaf-shaped share was found
useful as a dual -purpose r idgebreaker /groundnut
l i f ter. In 1975, a design was completed for a s ingle-
purpose groundnut l i f ter us ing a curved blade. A l -
though 50 were made for evaluat ion and extension
purposes, large-scale commerc ia l manufacture d i d
not result .
A complete ly sui table groundnut l i f t i n g too l was
developed by F M U in 1992. Th i s l i f ter features c i r cu -
lar legs, w h i c h enable the l i f t ed groundnut hau lms to
s l ip o f f easi ly d u r i n g the operat ion. The too l has been
recommended by the Government and is be ing manu-
factured by A g r i m a l as an attachment to the mu l t i pu r -
pose tool f rame.
Concluding Recommendations
1. W h e r e res idual weed cont ro l and proper soi l t i l t h
are requ i red , a p l o w shou ld be used instead of
deep t ine (or chisel p l o w ) .
2. Deep t ines and f ront t ines can on l y be used where
drainage is requ i red and weeds are not a p rob lem
in land preparat ion (o ld f i e ld w i t h no resu l t ing
weeds). Strong an imals shou ld be used as the i m -
plement requires considerable power.
3 . A l t h o u g h sow ing on r idges is faster, the i n i t i a l
r i d g e - m a k i n g requires considerable labor. I t is
recommended that r i d g i n g be done where slopes
w i l l encourage eros ion. O the rw ise , f l a t s o w i n g on
we l l - p l owed land is preferable since i t is labor-
sav ing.
4. Weed ing us ing a r idger on a f lat -sown c rop g r o w n
in straight l ines is recommended due to the resul t -
i n g bank ing s i tuat ion. I t is also labor-sav ing.
5. Weed ing w i t h cu l t i va tor saves t ime but th is
shou ld on ly be done when weeds are smal l and
soi l is not too wet.
6. M i n i m a l t i l lage can on ly be pract iced safely fo r 3 
years. Thereafter, complete p l o w i n g shou ld be
done. D u r i n g the 3 years, a l l recommended inputs
shou ld be app l ied; else the c rop w i l l be af fected
more adversely du r i ng the f inal 2 years than dur-
i ng the one under no rma l t i l lage.
Observat ions o f ox -d rawn planter development i n -
dicate that farmers w i thou t access to the mu l t i pu rpose
too l f rame can ef f ic ient ly use the Ag r ima l -manu fac -
tured Saf im planter. M e a n w h i l e , those w i t h access to
the too l f rame shou ld soon be able to avai l of the new
planter attachment. For groundnut l i f t i n g , the o n l y
ef f ic ient and inexpensive l i f ter is the too l f rame at-
tachment cur ren t ly manufactured by A g r i m a l on or-
der f r o m farmers . The A D D s can place orders for the
attachments (as wel l as a l l other A g r i m a l implements)
on behal f o f their farmers at wholesale pr ices.
Discussion
Mkhonta: W h i c h weeding methods are the fa rmers
cur rent ly using?
Singa: M o s t l y hand weed ing ( w i t h hand hoes). A few
(about 10%) use r idger weeding.
Williams: H o w much o f the groundnut c rop is bur ied
d u r i n g the g r o w i n g season by r i d g i n g to cont ro l
weeds?
Singa: N o t m u c h . For bunch var iet ies, three weed-
ings can be done; for runner var iet ies t w o r i dge -
weedings are suff ic ient.
Nigam: Y o u ment ioned 90 c m row- to - row spacing
for groundnut . W h e n I was here, the M a l a w i nat ional
p rog ram had dec ided to r ecommend 60 cm row- to -
r o w spacing for g roundnut . Has i t been changed back
to 9 0 cm?
9 1
Singa: N o , the nat ional p rog ram also recommends 60
cm spacing. Bu t many fa rmers f i nd i t d i f f i cu l t t o
adopt this spacing because o f the var ious c rop c o m -
binat ions they sow. These combinat ions of ten requ i re
90 cm row- to - row spacing. Farmers f i nd sw i t ch ing
f r o m 90 cm to 60 cm o r v ice versa d i f f i cu l t . However ,
in the case o f 60 cm r o w - t o - r o w spac ing, by reduc ing
the y i e l d s ize, an ima l t rac t ion can be used for ef fec-
t ive b reed ing
Anders: W h a t is the m i n i m a l f a r m size requ i red by a 
fa rmer to invest in to an ima l too l car r iers and h o w
many farmers have suff ic ient land to use an ima l too l
carr iers?
Singa: A m i n i m u m o f 2 ha, a l though smal lho lders
are encouraged to p o o l the i r resources. Poo l i ng , h o w -
ever, is a long- te rm strategy. In nor thern M a l a w i , over
5 0 % of the fa rmers have suff ic ient l and ; in the central
reg ion , about 2 0 % ; and in the southern reg ion , about
10%.
Sibuga: The information you have presented wi th regard
to the multipurpose tool frame for r idging, sowing, and
weeding is very interesting, especially in v iew of increas-
ing labor shortages. Is it possible for ICRISAT to take a 
leading role in assisting national programs to adopt such
tools? Can someone from ICRISAT please comment?
McDonald: I C R I S A T is not d o i n g ac t i ve research
o n the m e c h a n i z a t i o n o f g r o u n d n u t p r o d u c t i o n .
H o w e v e r , we are c o l l e c t i n g a l l ava i l ab le i n f o r m a -
t i o n o n m a c h i n e r y - m a n u a l , a n i m a l d ra f t , and
m e c h a n i z a t i o n - a n d w i l l be g l a d t o m a k e th is i n f o r -
m a t i o n ava i lab le on request t o researchers w o r l d -
w i d e . M u c h w o r k has been done in the past i n
m a n y coun t r i es and there i s g o o d scope fo r m o v i n g
i n f o r m a t i o n and equ ipmen t be tween coun t r i es .
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Effects of Improved Technology on Groundnut Yie ld
and Probable Adoption Implications for the Farmer
K. Kanenga
1
Abstract
Poor c rop husbandry is one o f the most impor tan t constraints to increas ing g roundnut y ie lds in
Z a m b i a . The study repor ted here was undertaken at Msekera Reg iona l Research Stat ion to establ ish
the benefits f r o m the inc rementa l adop t ion o f improved technologies in to t r ad i t i ona l systems. E a r l y
sow ing , improved seed, o p t i m a l weeding, improved p lan t density, a n d disease management p r a c -
tices were evaluated in a f u l l f a c t o r i a l design. Af ter 2 years, the data showed that by us ing a l l
improved technologies there was a 1 7 6 % y i e l d increase over the t rad i t i ona l system. Ea r l y sowing
a lone resul ted in a 9 4 % increase, wh i l e ea r l y sowing comb ined w i t h o p t i m a l p lan t density resu l ted
in a 2 0 0 % increase. These data ind ica ted that s igni f icant y i e l d increases a re possib le w i t h m i n i m a l
management changes.
Resumo
Efeito de tecnologias melhoradas sobre o rendimento de amendoim e possiveis implicacoes da
sua adopqao pelos agricultores. O f r a c o conhecimento de tecnicas cu l tura is e um dos mats
impor tan te f a c t o r l im i tan te p a r a o aumento do rendimento de amendo im na Z a m b i a . Os estudos
a q u i apresentados f o r a m conduzidos na Estacao reg iona l de Invest igacao de Msekera p a r a es-
tabelecer os beneficios da adopcao das tecnologias melhoradas no sistema t rad i c i ona l . Sementeiras
na epoca p r o p r i a , sementes melhoradas, opt imas sachas, densidade de p lan ta me l l o rada e p ra t i ca
de cont ro lo de doengas f o r a m ava l iadas num desenho f a c t o r i a l completo. Depots de do is anos os
resul tados mos t ra ram que usando todas as tecnologias melhoradas houve urn aumento de r e n d i -
mento de 1 7 6 % em re lagdo ao sistema t rad i c i ana l . So a sementeira na i p o c a p r o p r i a resul tou man
aumento de p rodugao em 9 4 % , em quanto que sementeira na i p o c a p r o p r i a comb inado com op t ima
densidade de p lan tas resul tou num aumento de p rodugao de 2 0 0 % . Os resul tados i nd i ca ram que
um s ign i f icat ivo aumento de p rodugao e posssivel com pequenas mudangas no maneio .
Introduction
One of the most s ign i f icant constraints to increased
groundnut p roduc t i v i t y under l ow- inpu t agr icu l tu re is
the l ow level o f c rop management. Th i s is made
worse w h e n cu l t i vars that demand h i gh management
c rop husbandry are in t roduced. I t has been observed
that w h i l e research y ie lds c o u l d be as h i g h as 1-3 t 
ha-1 under ra in fed cond i t ions , f a rmers ' y ie lds are
of ten as l ow as 0.5 t ha - 1 . O p t i m a l agr icu l tura l p ro -
duc t ion requires t ime ly , ef fect ive use of in terre lated
and interdependent factors ( land preparat ion, s o w i n g
date, op t ima l plant densi ty, etc.).
Acco rd ing to a repor t o f the Eastern Prov ince A g -
r i cu l tu re Project i n legume research, 9 0 % o f g round -
nut farmers w o u l d adopt the improved techno logy.
However , the actual adopt ion rate is s t i l l undocu-
mented. I f on l y 15% of the total area under ma ize , the
1. Groundnut Agronomist, Msekera Regional Research Station, P.O. Box 510089, Chipata, Zambia.
Kanenga, K. 1992. Effects of improved technology on groundnut yield and probable adoption implications for the farmer. Pages 93-96 in
Proceedings of the Fifth Regional Groundnut Workshop for Southern Africa, 9-12 Mar 1992. Lilongwe, Malawi (Nageswara Rao. R.C, and
Subrahmanyam, P„ eds,). Putancheru, A.P. 502 324, India: International Crops Research Institute for the Semi-Arid Tropics.
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reg ion ' s staple f o o d , were f a rmed w i t h modern p ro -
duc t ion techniques, the adopt ion rate of g roundnut
w o u l d be about 7% (Reddy 1989). Z a m b i a ' s Depar t -
ment o f Ag r i cu l t u re (1989) at t r ibuted this l ow f igure
to the restr ic ted ava i lab i l i t y of new seed, w h i c h is
d i rec t l y related to the low mu l t i p l i ca t i on rate of
groundnut .
In the t rop ics , most f ood p roduc t ion is undertaken
on marg ina l l and by smal l -scale fa rmers w i t h l im i t ed
resources and poor access to c red i t for purchas ing
inputs. I r r i ga t i on and f e r t i l i z e r - t w o essential inputs
for the p roduc t ion of new h igh -y ie l d i ng var iet ies, are
not easi ly avai lable to these fa rmers . Improved tech-
no logy has not therefore been read i l y adopted. Re-
searchers must consequent ly take a new look at the
pract ica l i ty o f generat ing improved technology.
Th is study was conducted w i t h t w o a ims: f i rs t , to
measure the potent ial benefits o f adopt ion o f i m -
proved techno logy; and second, to establ ish the most
ef fect ive cu l tu ra l pract ices avai lable.
Materials and Methods
The study site was located at the Msekera Regiona l
Research Stat ion, Ch ipata , in Z a m b i a ' s Eastern Pro-
v ince (e levat ion 1024 m ) . Ra in fa l l averages 887-1014
m m . Soi ls are Ac r i so l s , They are moderate ly deep,
da rk redd ish b r o w n , moderate ly to st rongly leached,
moderate ly permeab le , we l l -d ra ined c layey soi ls w i t h
sandy l oam topsoi l and l o w nutr ient ho ld i ng capaci ty
and pH rang ing f r o m 4.5 to 5.6.
T h e data presented were de r i ved f r o m a 2-year
study. In the f i rs t year, the exper iment consisted of
f ive treatments.
1. Recommended plant densi ty : 88 888 plants ha-1
vs fa rmers ' pract ice (44 4 4 4 plants ha-1)-
2. Weed ing f requency: two weedings at 35 and 45
days after s o w i n g ( D A S ) vs one weed ing at 45
D A S .
3. Protect ion against leaf spot: one fung ic ide spray
at 75 D A S vs no p ro tec t ion .
4 . S o w i n g date; ear ly s o w i n g w i t h the f i rs t ef fect ive
rains vs late s o w i n g (a round 15 N o v ) .
5. Improved seed.
T h i s gave a total of 32 t reatment combinat ions. In
the second year, however, the leaf spot protect ion was
dropped, resu l t ing in four treatments, a total of 16
treatment combinat ions . T h e exper iment was there-
fore in i t i a l l y a 2 x 5 fac to r ia l , and later a 2 x 4 
fac tor ia l . In bo th cases the treatments were ar ranged
in a randomized complete b lock design w i t h two
repl icat ions.
Each plot compr ised 5 rows of 5 m long w i t h 75 x 
30 cm spacing for l ow density and 75 x 15 cm for
recommended densi ty. Gross p lot area was 3.75 x 5 
m (18.75 m 2 ) , and the net p lot area, the three center
rows, was 2.25 x 4.5 m (10.125 m 2 ) .
Seeds were sown on r idges at 5 cm depth w i t h one
seed sown per stat ion. Be fore r i d g i n g , 150 kg ha - 1 'D '
compound ( N : P : K : S 10:20:10:10) fe r t i l i zer was
broadcast as a blanket t reatment. Captasan M 125 g 
50 kg - 1 seed was appl ied as a seed dressing to the
improved seed, wh i l e the fa rmers ' seed was not
treated.
In the f irst season (1986), ear ly sow ing was con-
ducted on 15 December and late sow ing on 25 De -
cember. In the second season (1987), ear ly sow ing
was done on 4 December and late sow ing on 27 D e -
cember. Harves t ing in 1986 was done on 22 A p r i l for
the ear ly -sown crop and on 12 M a y for the late-sown
crop. In 1987, harvest ing was done on 30 A p r i l for the
ear ly -sown crop and on 21 M a y for the late-sown
crop .
Observat ions inc luded days to 5 0 % f lowering, a 
stand count at bo th emergence and harvest, assess-
ment of disease and pest inc idence, number of pods
plant '1 , pod y i e l d p lot - 1 , she l l ing percentage, and 100-
seed mass. Before any weights were taken, seed had
to be d r i e d as much as possible to reach the standard
o f 7% mois ture content.
The data were f inal ly subjected to statistical anal -
ysis us ing M S T A T C w i t h factor op t ion o f R C B D 5 
and 4 factors.
Results and Discussion
Table 1 presents the 2-year results. S igni f icant y i e l d
benefits were observed f r o m the adopt ion o f i m -
proved technology as opposed to fa rmers ' pract ices
( 2 0 3 % in 1986 and 149% in 1 9 8 7 ) .
Ind i v idua l cu l tura l practices cont r ibu ted d i f fe r -
ent ly to y i e l d . Ear ly sow ing alone gave a 9 4 % y i e l d
advantage (average of 2 years) over con t ro l . Lea f spot
pro tect ion, weed ing f requency, and op t ima l densi ty ,
on the other hand , had no s igni f icant effect in
iso la t ion.
App l i ca t i on o f two factors was, however , s ign i f i -
cant. Plant densi ty w i t h ear ly sow ing , fo r example ,
gave a 168% advantage. Lea f spot pro tect ion w i t h
ear ly sow ing gave 156%, improved seed plus ear ly
sow ing 145%, op t ima l p lant densi ty p lus leaf spot
protect ion 138%, ear ly sow ing p lus t w o weedings
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1. Control
2. A 
3. A B
4. AC
5. A D
6. A E
7. ABC
8. A B D
9. ABE
10. A B C D
11. ABCE
12. ABCDE
13. A B D E
14. ACD
15. ACE
16. ACDE
17. ADE
18. B 
19. BC
20. BD
21 . BE
22. BCD
23. BCE
24. BDE
25. BCDE
26. C 
27. CD
28. CE
29. CDE
30. D 
31. DE
32. E 
Mean
SE
CV (%)
0.46
0.67
1.03
0.86
0.68
1.21
0.99
0.81
1.39
1.06
1.21
1.39
1.95
0.84
0.88
1.42
1.33
0.69
0.80
1.09
1.43
0.87
1.44
1.58
1.38
0.67
0.95
1.02
1.25
0.68
1.18
0.94
1.07
±0.1
19
-
45
124
87
48
163
115
76
203
131
165
203
323
82
90
208
189
51
74
138
210
88
214
243
200
45
106
122
171
45
156
103
-
-
-
0.86
0.68
1.15
0.70
-
1.96
1.13
-
2.13
-
2.02
-
-
-
1.20
-
-
1.01
2.00
-
1.94
-
1.97
-
-
0.74
-
1.85
-
-
-
1.59
1.43
±0.1
14
-
-21
34
-18
-
128
32
-
149
-
136
-
-
-
133
-
-
18
133
-
126
-
130
-
-
-13
-
115
-
-
-
86
-
-
-
-
12
79
34
-
145
73
-
176
-
150
-
-
-
111
-
-
34
103
-
168
-
172
-
-
-13
-
118
-
-
-
94
-
-
-
118%, and two weedings w i t h leaf spot protection 106%.
A comb ina t ion of three factors was even more
signi f icant . C o m b i n i n g o p t i m a l plant densi ty , leaf spot
pro tect ion, and ear ly sow ing , for example , gave a 
2 4 3 % y ie ld advantage. O p t i m a l dens i ty / two weed-
ings/ear ly sow ing , t w o weedings/ leaf spot p ro tec t ion /
ear ly sow ing , and improved seed/opt imal dens i ty /
ear ly sow ing al l gave a 172% advantage.
C o m b i n i n g four or f ive factors gave substantial
y i e l d increments, averaging 2 0 0 % over the con t ro l .
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Control = Farmers' practices.
A = Improved seed.
B = Recommended plant density.
C = Two weedings.
D = Leaf spot protection.
E = Early sowing.
Table 1. Groundnut yield response (t ha
-1
) to the adoption of different cultural practices, Msekera Research Station,
Zambia.
Increase over control
---------------------------------------------------------- Mean increase
1987 Yield 1988 Yield ----------------------------------------------
Treatments (t ha-1) (%) (tha-1) (%) (%)
There is l i t t le jus t i f i ca t ion fo r th is number o f factors,
however, s ince the y i e l d advantage was not s ign i f i -
cant ly d i f fe ren t f r o m some o f the treatments w i t h on ly
t w o or three factors. T h i s f ind ing suggests that cer ta in
factors are m o r e ef fect ive than others. E a r l y s o w i n g ,
op t ima l densi ty , and t w o weedings ( i n that order)
p roved the mos t ef fect ive because they were ex-
pressed w i t h jus t t w o or three factors. Imp roved seed
and leaf spot con t ro l , on the other hand , p roved ef fec-
t ive o n l y w i t h m o r e than three factors.
As ment ioned ear l ier, fa rmers ' labor cond i t ions
and c red i t fac i l i t ies rare ly p e r m i t them to adopt
agronomic packages. W i t h this p rob lem in m i n d , th is
study has at tempted to show that by app l y i ng m i n i m a l
combinat ions o f techniques, fa rmers can increase
y i e l d even i f they cannot a f fo rd cost ly inputs. O p t i m a l
p lant densi ty c o m b i n e d w i t h ear ly sow ing , for exam-
p le , gave a y i e l d advantage of 168%.
Conclusions
1. A d o p t i o n o f improved techno logy improved
groundnut y i e l d 176% over the con t ro l .
2 . The most e f fect ive and consistent s ingle factor
was ear ly s o w i n g , w h i c h gave a 9 4 % y i e l d i n -
crease. W h e n comb ined w i t h o p t i m a l p lant den-
s i ty , i t gave a 174% y i e l d increase over the
con t ro l .
3. Rather than adop t ing the who le package (a l l fac-
tors) , w h i c h is rare ly feasible fo r resource-poor
fa rmers , the fa rmer can concentrate on the most
pract ica l factors.
4 . F i r m recommendat ions w i l l be possib le after fur-
ther on - f a rm research.
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Discussion
Banda: Were genotypic responses to var ious treat-
ments taken in to considerat ion? For example , M a l -
imba responds m u c h m o r e to ear ly leaf spot cont ro l
than I C G M S 42?
Kanenga: N o . O n l y var ie ty Cha l imbana was tested in
these exper iments. Other var iet ies w i l l o f course re-
spond d i f fe ren t ly .
Mpofu: 1. W h a t were the t im ings o f the two weed-
ings? 2. Can y o u exp la in w h y y o u d i d not get a pos i -
t ive response to the t w o weedings?
Kanenga: 1. T h i r t y and 45 D A S . 2. A c c o r d i n g to
ear l ier f ind ings, groundnut suffers most f r o m weed
compet i t ion before 45 D A S . Since the one weed ing
was also done w i t h i n this l i m i t , nei ther one weed ing
nor two weedings expressed themselves s ign i f icant ly
in terms o f y i e l d .
Freire: I t seems that you r improved seed gave unsat-
is factory results. However , exper iments w i t h plant
densi ty and ear ly sow ing have shown encouraging
results. A r e y o u g o i n g to test a l l the factors on on -
f a rm t r ia ls or are y o u go ing to select on ly some of
them?
Kanenga: G i ven the nature o f on - f a rm research, we
must endeavor to suggest c rop improvement that do
not requ i re inputs. There fore not al l factors are tested.
In fact , after the second year of test ing, we have a l -
ready dropped leaf spot protect ion.
Chiteka: W h y was there no response to cont ro l o f
leaf spot?
Kanenga: I t is t rue that there was no response to
cont ro l when we used a s ingle factor, but in comb ina -
t ion w i t h other factors there was.
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Abstract
The re lat ive value o f the app l i ca t ion o f cu l t u ra l pract ices in the con t ro l o f g roundnut diseases is
discussed in th is paper. The emphasis is reg iona l , ta rget ing the southern A f r i c a n reg ion . The
cu l t u ra l pract ices examined are var ious c ropp ing techniques, t ime of sow ing , p l an t density f remova l
o f volunteer p lants a n d groundkeepers, inocu la t ion , a n d the app l i ca t ion o f fe r t i l i ze rs a n d pesticides.
The p r i n c i p a l diseases covered are l ea f spots, rust, web b lo tch , p o d rot , rosette, a n d af la tox in .
Resumo
E f e i t o das p ra t i cas cu l t u ra i s sobre doencas de a m e n d o i m . Este a r t i g o discute o va lor re la t ivo da
ap l i cacao das p ra t i cas cu l tu ra is no cont ro lo de doencas de amendo im. A enfase e reg iona l a bar -
cando a A f r i c a Aus t ra l . As p ra t i cas cu l tura is descutidas sao var ias tecnicas de cu l t ivo ta is c o m o :
epoca da sementeira, densidade de p lantas, cont ro lo de ervas dan inha , cu l turas de cober tura ,
inocu lacao, ap l i cacao de fer t i l i zantes e pestecidas. As p r i nc ipa l s doencas cobertas s a o : mancha da
f o l h a , f e r r u g e m , "Web b l o t c h " p o d r i d a d a o da ra iz c vagens, roseta e af lo tox ina.
Introduct ion
Diseases are general ly regarded as major constraints
to groundnut p roduct ion in the S A D C C reg ion . M a n y
funga l , v i r a l , nematodal , and bacter ia l diseases of
groundnut have been repor ted in the reg ion , but on ly
a few of them are economica l l y impor tant on a re-
g ional basis. Several worke rs have invest igated the
effects of var ious cu l tura l practices on diseases of
groundnut . In this paper the effects of cu l tura l prac-
tices on the incidence and severi ty of diseases of
groundnut , w i t h par t icu lar emphasis on economica l l y
impor tant diseases, are b r ie f l y rev iewed.
L e a f S p o t s
Ear l y leaf spot (Cercospora a rach id i co la H o r i ) is the
most destruct ive disease of groundnut in the reg ion
(H i l deb rand and B o c k 1990). Losses o f 5 0 % in poten-
t ia l y i e l d are sustained annual ly over w ide areas in
the reg ion (Bock 1989). Late leaf spot (Pha-
eoisariopsis personata) occurs sporadical ly in some
countr ies, ma in l y in l ow al t i tude areas, but is eco-
nomica l l y impor tant in lakeshore areas o f M a l a w i ,
coastal southern Tanzania, southern Mozamb ique ,
Swaz i land , and parts o f Zamb ia .
C r o p rotat ion provides par t ia l cont ro l o f leaf spots
( H e m i n g w a y 1954, Ro thwe l l 1962, M u g h o g h o 1969,
Kucha rek 1975). In M a l a w i , the effects o f c rop ro ta-
t ion on ear ly leaf spot were spectacular. The disease
onset was very ear ly (before f lower ing), and the d is -
ease progress was most rap id in plots whe re one
groundnut c rop f o l l o w e d another, resu l t ing in a rap id
increase in area under the disease progress curve
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(AUDPC). However, i n groundnut f o l l o w i n g ei ther
ma ize or pasture, disease development was s low and
less severe, and the A U D P C was l ow (Subrah-
m a n y a m 1991).
B o t h leaf spot pathogens perpetuate f r o m season
to season in in fected c rop debr is . Bu r i a l o f c rop res i -
dues w i t h a m o l d b o a r d p l o w delays disease onset.
Remova l o f vo lunteer groundnut plants and g round -
keepers may reduce the p r i m a r y sources o f i nocu lum
( M c D o n a l d et ah 1985).
De layed s o w i n g increases the severi ty o f leaf
spots and reduces y ie lds in Tanzania (S imons 198,5,
L y i m o and Kanga lawe 1991) and in M a l a w i (Sub-
rahmanyam 1991). However , in Z a m b i a , the severi ty
of leaf spots was h igher in ear ly -sown (late November
to ear ly December) than in late-sown (late December)
groundnut (Kanna iyan et a l . 1989).
Disease sever i ty o f groundnuts in tercropped w i t h
maize , p igeonpea, so rghum, sunf lower, or cot ton was
not marked l y d i f fe rent f r o m that o f sole groundnut
crops in Zamb ia (Kanna iyan et a l . 1989). Subrah-
manyam et a l . (1983) also repor ted no di f ferences in
sever i ty of late leaf spots between groundnuts inter-
c ropped w i t h pear l m i l l e t o r so rghum and that o f sole
groundnut crops in Ind ia . In M a l a w i , the effects o f
in tercropp ing groundnut w i t h maize or p igeonpea on
disease severi ty were invest igated at t w o locat ions.
T h e sever i ty o f ear ly leaf spot was not marked l y d i f -
ferent between sole and in tercropped groundnuts at
Chi tedze. However , a t M a k o k a , the severi ty o f ear ly
leaf spot and rust was lower on in tercropped g round -
nut than on sole c rop (Subrahmanyam 1991). M u k i i b i
(1982) repor ted l o w disease sever i ty in groundnuts
in tercropped w i t h bean than in sole groundnuts in
Uganda. In Tanzania, however, the disease severi ty
was h igher in in tercropped groundnuts than in sole
groundnuts ( L y i m o and Kanga lawe 1991). M p i r i
(1991) repor ted an interact ion of g roundnut genotypes
and the ra t io o f c rop components in in terc ropp ing on
the severi ty of leaf spots in Tanzania.
Plant densit ies rang ing f r o m 44 000 to 222 000
plants ha - 1 showed no marked effects on leaf spot
sever i ty in Z a m b i a (Kanna iyan e t a l . 1989). However ,
Fa r re l l e t a l . (1967) repor ted an inverse re la t ionsh ip
between i n - r ow spac ing o f plants and intensi ty o f leaf
spots in M a l a w i .
La te leaf spot was less severe in cu l t i va r m ix tu res
than in the i nd i v i dua l components in Tanzania. C u l t i -
var m ix tu res suf fered less f r o m late leaf spot and
y ie lded h igher than the i nd i v idua l cu l t i va r in pure
stands ( L y i m o and Kanga lawe 1991).
Rust
Rust (Puccinia arachidis) occurs sporadica l ly in sev-
eral countr ies o f the reg ion , ma in l y in low-a l t i tude
areas (Cole 1987), but is economica l ly impor tant in
the lakeshore and southern areas of M a l a w i , coastal
southern Tanzania, southern Mozamb ique , Swaz i -
l and , and Zamb ia .
The groundnut rust pathogen is shor t - l i ved (less
than 1 mon th ) in in fected crop debr is . A clear break in
t ime between successive groundnut crops to reduce or
e l iminate v iab le inocu lum is recommended (Subrah-
ma ny am and M c D o n a l d 1983). I n the S A D C C reg ion ,
groundnut is g r o w n ma in l y d u r i n g the ra iny season,
and the poss ib i l i ty of P. arachidis su rv iva l du r i ng the
off-season is very remote. However , care shou ld be
taken to prevent perpetuat ion on off-season seed m u l -
t ip l ica t ion crops. Volunteer groundnut plants and
groundkeepers should be eradicated to e l iminate the
p r i m a r y sources o f i nocu lum (Subrahmanyam and
M c D o n a l d 1983).
Web Blotch
Web b lo tch (Didymella arachidicola) occurs in a 
number o f countr ies, but i s impor tant on ly in Z i m -
babwe, where i t occurs ma in l y on long-season crops
(Cole 1981), and in Swaz i land (Rao and Mas ina
1987).
The web b lo tch pathogen can surv ive in infected
crop residues, or on volunteer groundnut plants. Pyc-
n id ia and pseudothecia develop on fa l len leaves in the
f ie ld, and p rov ide in i t ia l i nocu lum to infect subse-
quent groundnut crops. C r o p rotat ion and eradicat ion
of in fected c rop debr is and volunteer groundnut plants
m a y be useful in e l im ina t ing the p r i m a r y sources of
i nocu lum. A l t h o u g h groundnut is the on l y k n o w n nat-
ural host, the pathogen can also infect several other
legumes, such as soybean, sweet c lover, and ha i ry
vetch (Ph i l ley 1975).
Pod Rot
Pod rot of g roundnut is caused by a var ie ty of so i l -
borne f u n g i (Rhizoctonia solani, Macrophomina 
phaseolina, Sclerotium rolfsii, Pythiuni spp, and
Fusarium spp) c o m m o n l y occur in a l l countr ies in the
reg ion . However , they are cons idered economica l l y
impor tan t on l y i n Z i m b a b w e .
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Trad i t iona l c rop rotat ion was inef fect ive in con -
t ro l l i ng pod rots. However , i n M a l a w i , f i e lds where
groundnut had been g r o w n for several years in suc-
cession had s ign i f icant ly more p o d rots caused by 5.
rolfsii and R. solani than d i d rotated or fa l l owed
f ie lds . Cu l t i va t i on in we l l -d ra ined soi l reduces p o d
rots. De layed harvest ing increases pod rot and re-
duces p o d qua l i ty in M a l a w i (Subrahmanyam 1983)
and in Z a m b i a ( K e l l y 1985). Mercer (1978) showed
that cont ro l o f leaf spots reduced the incidence of p o d
rots in M a l a w i . App l i ca t i on o f h i gh rates o f gypsum
(1.12-2.24 t ha*1) at ear ly pegg ing is ef fect ive in con -
t ro l l i ng pod rot in the U S A (Be l l and Sumner 1984).
Pods may be predisposed to in fec t ion by R. solani 
and other mic roorgan isms because of ca l c ium def i -
c iency or imbalances o f ca l c i um , potass ium, and
magnes ium (Be l l and Sumner 1984). App l i ca t i on o f
potassium sulphate or magnes ium sulphate to g round -
nut at f lowering stage increases pod rot (Beute 1984).
Seedling Diseases
Seedl ing diseases caused by several seed and so i l -
borne fung i (Aspergillus niger , R. solani, M. phaseo-
Una, Rhizopus spp, Pythium spp, and Fusarium spp)
are widespread and impor tant in most countr ies of the
reg ion . These diseases can be very ef fect ive ly and
economica l ly cont ro l led by seed dressing w i t h f u n -
gicides comb ined w i t h cer ta in cu l tura l pract ices.
O n l y h igh qua l i ty seed shou ld be used for sow ing .
Deep sow ing of seed shou ld be avoided as et io lated
seedlings are mo re susceptible to in fec t ion . Deep
p l o w i n g o f f ie lds and c rop rotat ion reduce the i nc i -
dence of seedl ing diseases.
Groundnut Rosette
Rosette is one of the ma jo r constraints to groundnut
produc t ion in the reg ion ( N i g a m and B o c k 1985).
A l t h o u g h disease epidemics are sporadic, y i e l d losses
approach 100% whenever the disease occurs in ep i -
demic p ropor t ions . T h e pathogen is t ransmit ted by
aphids (Aphis craccivora). 
Several researchers have conc lus ive ly demon-
strated that g roundnut rosette can be e f fec t ive ly re -
duced when groundnut is sown ear ly in the season
and at h igh popu la t ion densit ies ( G u i l l e m i n 1952,
Jameson and Thomas 1954, Sauger et a l . 1954, Smar t t
1961, Booke r 1963, A ' B r o o k 1964, G ibbons et aL
1966, Davies 1976, Far re l l 1976a and 1976b). A l -
though B o c k (1987) observed aphids at c rop emer-
gence, ear ly sow ing w i l l avo id peak per iods o f aph id
f l igh t ac t i v i t y , resu l t ing in l o w disease incidence
(Far re l l 1976a, 1976b). T h i s observat ion is supported
by recent research in the S A D C C reg ion . In Z a m b i a ,
late-sown groundnuts w i t h poor p lant stand showed
higher rosette incidence (36 -85%) than the earl ier-
sown crops w i t h fu l l stand (2 -6%) (Sandhu e t a l .
1985). Subrahmanyam (1983) repor ted that the d is -
ease incidence was h igher (97 .3%) in late-sown ( m i d -
January) groundnut than in ear ly -sown (ear ly Decem-
ber) groundnut (22.1%) in M a l a w i . Aph ids were more
severe in l ow plant populat ions (222 0 0 0 plants ha - 1)
than in h i g h plant populat ions (333 0 0 0 plants ha - 1) in
Mozamb ique (Ramanaiah et a l . 1989).
Eradicat ion of volunteer groundnut plants and
groundkeepers was recommended for prevent ing the
perpetuat ion o f v i rus i nocu lum du r i ng the off-season
(Reddy 1984). However , Bock (1989) found no ev i -
dence of pathogen surv iva l on volunteers d u r i n g the
d ry season in the S A D C C reg ion .
In tercropp ing groundnuts w i t h beans decreased
rosette incidence in M a l a w i (Far re l l 1976b) and
Uganda ( M u k i i b i 1982), and s im i la r effects were
found when groundnut was intercropped w i t h maize
in the present Central A f r i c a n Repub l i c ( G u i l l e m i n
1952). In Z i m b a b w e , groundnut rosette has been v i r -
tua l ly e l iminated in commerc ia l f a r m i n g areas by the
use of improved cu l tu ra l pract ices such as remova l of
volunteer groundnut p lants, ear ly sow ing , ma in ta in ing
o p t i m u m plant stands, nu t r i t i on , and insect ic ide a p p l i -
cat ions (Cole 1985).
Aflatoxin
Contaminat ion o f groundnut w i t h a f la tox in , the sec-
ondary tox ic metabol i tes produced by fung i o f the
Aspergillus flavus g roup , is a serious qua l i ty p rob lem
in the S A D C C reg ion (Cole 1991). A. f lavus may i n -
vade groundnut seeds before harvest, d u r i n g posthar-
vest d r y i n g , and du r i ng storage i f seeds are rewet ted.
Preharvest a f la tox in contaminat ion is impor tant under
drought -prone cond i t ions, wh i l e postharvest con tam-
inat ion is s igni f icant under wet and h u m i d cond i t ions
(Mehan 1987).
A considerable amount of i n fo rmat ion has been
assembled in the reg ion and elsewhere on the i n f l u -
ence o f env i ronmenta l factors, c rop p roduc t i on , and
produce hand l ing procedures on seed invas ion and
af la tox in contaminat ion ( M c D o n a l d 1989). Invas ion
of seeds by A. f lavus and af la tox in contaminat ion can
be m i n i m i z e d by :
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• c rop ro ta t ion ;
• p revent ion of d rought stress by supplemental i r r i -
gat ion d u r i n g the 4-5 weeks o f the c rop season;
• avo id ing mechanica l c rop damage, par t i cu la r l y
d u r i n g cu l t i va t i on , harves t ing , and subsequent
storage;
• harvest ing at o p t i m u m matu r i t y ;
• d r y i n g pods to a safe mois ture level ( 8 % ) ; and
• storage of produce at l o w temperature, l o w h u m i d -
i t y , and insect- f ree cond i t ions .
I t is impor tan t to ta i lo r these recommendat ions to
f i t the par t icu lar cond i t ions in each coun t ry in the
reg ion . Farmers shou ld be appr ised of these s imple
but ef fect ive cu l tu ra l pract ices to reduce af la tox in
contaminat ion o f thei r crops.
Conclusions
T h e effects o f cu l tu ra l pract ices on diseases o f
g roundnut , par t i cu la r l y rosette and leaf spots, have
been exhaust ive ly studied.
I t has been conc lus ive ly demonstrated that ear ly
s o w i n g at o p t i m a l p lant densit ies can reduce the i nc i -
dence of g roundnut rosette; hence the successful
adopt ion o f th is pract ice by the commerc ia l f a r m i n g
sector in the reg ion . However , over m u c h o f the re -
g i o n , ear ly p lan t ing at h i gh p lant densit ies may not be
possib le because of the s o w i n g sequence and d i f fe r -
ent ial c rop p r i o r i t y , labor constraints, or because of
nonava i lab i l i t y o f g o o d qua l i ty seed and seed dressing
chemicals . In add i t i on , ear ly s o w i n g in some areas o f
the reg ion may resul t in harvest ing the c rop d u r i n g
the wet season, lead ing to severe af la tox in contamina-
t ion .
C r o p rotat ion reduces the severi ty o f several f un -
g a l , bacter ia l , and nematodal g roundnut diseases.
Th i s s imple cu l tu ra l pract ice can pay h i g h d iv idends
in c rop p roduc t i v i t y . Un fo r tuna te ly , c rop rotat ion m a y
not be feasible to many smal lho lders . I t is nonetheless
impor tan t that fa rmers be i n f o r m e d about the value o f
adopt ing these benef ic ia l cu l tu ra l pract ices, thus m i n i -
m i z i n g c rop losses due to diseases w h i l e i m p r o v i n g
the qua l i t y o f p roduce by m i n i m i z i n g a f la tox in
con tamina t ion .
A l t h o u g h cu l tu ra l pract ices may p rov ide o n l y par-
t ia l cont ro l of diseases, they can be used e f fec t ive ly as
one component of an integrated disease management
strategy, thus lessening the r i s k of disease sever i ty
and m i n i m i z i n g the impac t o f disease on y i e l d .
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Discussion
Schmidt: Y o u ment ioned c rop rotat ion as an ef fect ive
measure against a f la tox in contaminat ion . However ,
this contaminat ion is not l i m i t e d to groundnut but
occurs on cereals as we l l . Wha t k i n d o f rotat ion do
y o u propose? Or does the af la tox in p rob lem occur, as
w i t h ma ize , on l y d u r i n g storage?
Subrahmanyam: A s a matter o f fact, ma ize-ground-
nut rotat ion proved ef fect ive in reduc ing af la tox in
contaminat ion in groundnut . Th is is because g round-
nut in fec t ion takes place in the so i l , whereas maize
in fec t ion is a i r -borne.
Nageswara Rao: W h a t are the reasons for reduct ion
in area under the disease progress curve ( A U D P C )
when groundnut is rotated w i t h cereals l i ke maize?
Subrahmanyam: The disease onset is delayed and
less severe when groundnut in g r o w n in rotat ion w i t h
maize, resu l t ing i n l ow A U D P C .
Syamasonta: Is there any di f ference between burn ing
and bu ry ing the crop remains in cont ro l l ing leaf spot?
Subrahmanyam: Deep bur ia l o f in fected c rop res i -
due is p robab ly the best means of reduc ing the sever-
i ty o f leaf spots.
Ndunguru: W h e n pathologists assess the impor tance
of a disease they measure y i e l d losses. B u t when i t
comes to screening fo r disease resistances, y i e l d f ig -
ures are not presented. I am p lead ing that y ie lds be
recorded as we l l fo r three reasons: (1) potent ia l y ie lds
shou ld be recorded, (2) some nat ional programs have
no breeders so measur ing y ie lds is doub l y impor tant ,
and (3) some resistant l ines m a y be negat ively cor -
related w i t h h i g h y i e l d and they may reta in these
negative aspects in the cross ing act iv i t ies .
Subrahmanyam: 1. Y i e l d potent ia l o f disease-resi-
stant l ines is determined. 2. Yes, I agree. 3. Yes, i t is
true w i t h some o f the fo l ia r disease-resistant g e r m -
plasm l ines. However , the popula t ions o r i g i na t i ng
f r o m crosses between resistant and susceptible geno-
types have good levels of resistance and y i e l d because
they are care fu l l y selected fo r these t w o characters.
Ndunguru: The incidence o f g roundnut rosette is i n -
creased w i t h l ow plant popu la t ion and decreased w i t h
in tercropping when the groundnut popu la t ion is also
low. Do y o u see a conf l ic t in these two f indings?
Subrahmanyam: N o . T h e component cereal crops
may be act ing as a bar r ie r for the vectors.
Olorunju: Our w o r k corroborates th is . A p h i d s are
attracted to b r o w n co lor (g round co lo r ) . In te rc ropp ing
discourages aphids by cover ing the g round . I have
another quest ion: what is the prospect of cu l tu ra l
practices in disease cont ro l when y o u consider the
prob lems faced by most groundnut fa rmers (e.g. ,
w h i c h crop to pr io r i t i ze?) . M o s t farmers g row maize
or m i l l e t before groundnut , thus sow ing late and ex-
pos ing the crop to disease ( leaf spot, rosette).
Subrahmanyam: I agree w i t h y o u r comments . Even
though cu l tu ra l pract ices p rov ide o n l y pa r t i a l d i s -
ease c o n t r o l , they shou ld be cons idered as in tegra l
components o f in tegrated disease management
strategies.
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A Model for On-farm Research to Improve
Groundnut Production
D. McDonald, C.L.L. Gowda, and D.G. Faris
1
Abstract
The d rama t i c increases in r i ce a n d wheat p roduc t ion d u r i n g the Green Revolut ion era were most ly
f r o m h igh ly p roduc t ive , i r r i ga ted , homogenous lands (core areas) cu l t i va ted by f a r m e r s w i t h ade-
quate resources. However, the success c o u l d not be dup l ica ted in the less product ive , heterogenous,
ra in fed areas (h in ter lands) . The m a i n reason was that the technology developed at we l l -endowed
research stat ions c o u l d not be rep l i ca ted in the diverse eco log ica l condi t ions of the h in ter lands. A 
concept o f decentra l ized research strategy coupled w i t h f a r m e r involvement a n d use o f ind igenous
pract ices to develop a n d adap t technologies su i ted to the needs of the resource-poor f a r m e r s has
evolved in the 1980s. Th is paper describes the fa rmer -pa r t i c i pa to ry , on - fa rm adapt ive research
cur rent ly undertaken by ICR1SAT to help increase groundnut , chickpea, a n d p igeonpea p r o d u c t i o n
in South a n d Southeast As ia .
Resumo
Modelo de investigcao no campo do agricultor para aumentar o rendimento de amendoim. O 
dramat i co aumento de p roducao de a r roz e t r i go durante a era da revolugdo verde era proveniente
de regadios a l tamente product ivos des agr icu l tores com recursos adequados. Porem o sucesso nao
p o d i a ser dup l i cado nas dreas heterogenias de ba ixa p roduc t i v idade, quentes e dependentes de
chuvas. A razao f undamen ta l f o i de ter se desenvolvido invest igagdo destas tecnologias em estagoes
bem def in idas que nao se pod ia repet i r em diversas zonas ecologicas de areas quentes. Um concei to
es t ra t ig ico de descentral izagao de invest igagdo associando o envolvimento do agr icu l to r , uso de
pra t i cas indigenas e adap to r tecnologias adequadas as necessidades do ag r i cu l to r pob re em
recursos f o i levado a cabo em 1980. Este a r t i g o descreve a par t i c ipacao dos agr icu l tores nos
ensaios de invest igagdo de adap tab i l i dade no campo dos agr icutores actualemente levados a cabo
pe lo I C R I S A T p a r a a j uda r a elevar o rendimento de amendo im, g rao de b ico e f e i j a o boer no s u i e
sudueste da As ia .
Introduction
H i g h - y i e l d i n g variet ies o f r ice and wheat were re-
sponsible for the Green Revo lu t ion of the 1960s and
1970s. However , the dramat ic y ie lds f r o m the i m -
proved semi -dwar f and fer t i l izer- responsive var iet ies
came largely f r o m ' co re areas' o f h i gh l y fe r t i le and
u n i f o r m land cu l t iva ted by farmers w i t h adequate re-
sources. T h e ' t o p - d o w n ' approach to transfer o f tech-
no logy was successful in the we l l -endowed , p roduc -
t ive , and homogenous core areas because we l l - t o -do
farmers were able to s imulate research stat ion c o n d i -
t ions. Dup l i ca t ing the results o f the Green Revo lu t i on ,
unfor tunately, proved ex t remely d i f f i cu l t in the less-
favored areas usual ly re fe r red to as 'h in te r lands ' .
Technology adopt ion was s low or nonexistent in these
areas, wh i ch were mo re d iverse, less p roduc t i ve , and
poorer (Rambo and Sajise 1985).
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Techno logy packages are genera l ly inappl icable to
the d iverse si tuat ions o f the semi -a r id t rop ics . Each
area requires a system of s i te-speci f ic management
pract ices. Scientists are ob l i ged to o f fe r a 'basket' of
technology opt ions f r o m w h i c h the fa rmers can
choose those most sui table and af fordable to improve
and stabi l ize the i r y ie lds . Research and development
shou ld therefore be decentra l ized to enable develop-
ment of si te-specif ic technologies to serve the re-
source-poor fa rmer o f the h inter lands.
Over the last decade there has been a shi f t f r o m
the top -down approach to transfer of technology to
the bo t tom-up , farmer- f i rs t approach (Chambers et a l .
1989), ind icat ing an apparent reversal o f roles in ag r i -
cu l tura l research. However , a mo re real ist ic v i ew is
that both experts (scientists) and local people
( farmers) have unique areas o f expert ise w h i c h c o l -
lect ive ly can p rov ide a better basis for development
than ei ther can achieve alone (Raintree and Hosk ins
1988). Since many farmers exper iment , advantage
shou ld be taken of their technical knowledge and ex-
per imenta l abi l i t ies in p lann ing on-si te systems re-
search. Farmer evaluat ion of technical al ternatives is
par t i cu la r ly useful in the ident i f icat ion of relevant is-
sues and in the adaptat ion of technologies to specif ic
local c i rcumstances (Fuj isaka 1989). Hence the con-
cept o f fa rmer par t ic ipa t ion shou ld contr ibute to de-
velopment and adopt ion of technologies suitable to
par t icu lar locat ions or zones.
ICRISAT's Transfer of Technology
Project in India
Groundnut o i l is a ma jo r c o o k i n g o i l in Ind ia. In 1987,
edib le o i l impor ts to Ind ia tota l led U S $ 6.5 m i l l i o n .
T h e Government of Ind ia establ ished a Technology
M iss ion on Oi lseeds, and inv i ted I C R I S A T to assist
Government ef for ts to increase p roduc t ion , thereby
reduc ing the need to impor t vegetable o i l s .
The average y i e l d of g roundnut in Ind ia is about
0.8 t ha-1 in the ra iny season, and 1.7 t ha-1 in the
postra iny season ( f o r i r r iga ted crops) . Under non-
stress situations in exper iment stations, I C R I S A T sci-
entists repor ted y ie lds of 4 -6 t ha - 1 . In co l laborat ion
w i t h nat ional p rogram scientists, I C R I S A T re-
searchers tested improved p roduc t ion technologies in
farmers ' f ie lds . W o r k i n g w i t h extension staff and
farmers , the technology was mod i f i ed and adapted to
suit d i f ferent areas. The improved technology prac-
tices inc luded use of improved variet ies and better
c rop management . In f a rmers ' f ie ld t r ia ls over a 
3-year p e r i o d , use of one improved var ie ty gave a 
3 2 % y i e l d increase, use o f improved c rop manage-
ment gave a 2 5 % increase, and use of an improved
var iety w i t h improved c rop management gave a 
50 -150% i nc rease /The improved packages are now
being disseminated by state governments and farmers '
cooperat ives.
Asian Grain Legumes On-farm
Research Project
The impact o f I C R I S A T ' s technology transfer act iv-
i t ies in Ind ia was so successful in Ind ia that the Ins t i -
tute fe l t that extending these act iv i t ies to other As ian
countr ies w o u l d be advantageous. The Un i ted Nat ions
Development Programme ( U N D P ) agreed to p rov ide
funds to organize a meet ing to determine the interest
of nat ional programs in such a project .
The As ian Gra in Legumes O n - f a r m Research
( A G L O R ) P lann ing Mee t ing was he ld a t I C R I S A T
Center in November 1989. Representatives of f ive
countr ies ( Indonesia, Myanmar , Nepa l , Sr i Lanka ,
and V ie tnam) met w i t h inv i ted consultants and I C R I -
S A T scientists. Count ry representatives expressed i n -
terest in par t ic ipat ing in an on - fa rm research pro ject ,
and prepared draf t plans for such act iv i t ies in each
count ry . I C R I S A T prepared a research proposal
based on these drafts and submi t ted i t to the U N D P
for fund ing . The pro ject was approved by U N D P , as a 
component of its U N D P - F A O / R A S / 8 9 / 0 4 0 Project , to
support adaptive on - fa rm research on I C R I S A T man-
date legumes in Indonesia, Nepa l , Sr i Lanka , and
V ie tnam (Gowda and Faris 1991).
The ma in object ives of the project are:
• to assist the nat ional agr icu l tura l research systems
( N A R S s ) to assemble in fo rmat ion f r o m research
and extension sources w i t h i n the project countr ies
and the reg ion that cou ld be used to generate p ro -
duct ion technologies;
• to generate and test c rop product ion technology
under research station and fa rmers ' f ie ld
si tuat ions;
• to m o d i f y the most ef fect ive p roduc t ion technolo-
gies to suit real f a r m si tuat ions; and
• to enhance the adaptive research capabi l i t ies and
interest o f the N A R S s in legumes produc t ion .
The pro ject act iv i t ies are descr ibed here to p ro -
v ide an example o f one way in w h i c h an on - fa rm
adaptive research project can be organized. We f o l -
l ow a four-stage approach.
106
1. Ident i fy constraints.
2. F i n d sui table technologies or solut ions.
3. Evaluate solut ions in s ingle- factor or mu l t i fac to r
diagnost ic exper iments at research stations and
fa rme rs ' f i e l ds .
4. Formula te a basket of technology opt ions for the
fa rmers .
Diagnostic Surveys
The target areas for on - f a rm research were chosen by
the nat ional p rogram administrators based on the area
cropped, potent ia l for improvement , and other factors
that cou ld eventual ly faci l i tate adopt ion of improved
technologies. Diagnost ic surveys (Table 1), using
rap id rural appraisal methods, were then conducted in
the target areas by mu l t i d i sc ip l i na ry teams of scien-
tists f r o m the N A R S s and I C R I S A T . The survey
teams inc luded agronomists, breeders, entomologists,
economists, pathologists, and soi l scientists.
The teams v is i ted target areas and discussed the p ro -
jec t w i t h farmers and v i l lage leaders. In terv iews w i t h
farmers were conducted i n f o rma l l y . Each team m e m -
ber had a check l ist of questions des igned to p rov ide
an understanding o f local agronomic and c rop man -
agement pract ices to he lp ident i fy the causes o f l o w
y i e l d . Plans for o n - f a r m and suppor t ive back -up re-
search to address the farmer-perce ived p roduc t ion
constraints were then prepared. Suggestions were
made to concerned Government author i t ies to c o n -
sider how to al leviate the soc ioeconomic constraints
faced by fa rmers . Survey team members p repared
exper imenta l plans for addressing the b io t ic and ab io -
t ic constraints.
Planning Meetings
Planning meet ings were he ld in each pro ject coun t r y ,
usual ly after the diagnost ic surveys. These meet ings
invo lved survey team members , nat ional p rog ram ad-
minis t rators, extension staff, and research scientists.
Part icipants rev iewed ex is t ing i n fo rma t i on and d o c u -
mented avai lable technology and cur rent ideas to p ro -
v ide solut ions. The fa rmer- ident i f ied constraints
(Table 2) were matched w i t h the avai lable solut ions
and technology opt ions, and plans were p repared fo r
both on - fa rm research and suppor t ive back -up w o r k
in research stations. Mos t o f the o n - f a r m t r ia ls
planned were s ingle- or two- fac tor diagnost ic exper-
iments.
Table 1. List of single-factor diagnostic treatments for groundnut on-farm research in Nepal.
Treatment Purpose
Seed dressing fungicide
Seed dressing insecticide
Rhizobium
Foliar disease control
Insect pest control
Micronutrient spray
Seed rate (plant population)
Gypsum
Thiram:Vitavax® (50:50) 3g kg-1
seed just before sowing
Chloropyriphos (12.5 mL kg-1 seed)
NC 92
Daconil® (chiorothalonil) 50-60 days
after sowing or when around 10 spots
plant-1 appear
Folithan Sumithion® 0.5% at 40 days
or when insects present
Tracel spray 30 days after sowing
60 kg ha-1. 4 0 x 2 0 cm
400 kg ha-1 at peak of flowering with
second weeding. Placed near base of
plant on both sides of row
To determine if seedling diseases are
a constraint
To determine if soil insects (white
grubs) reduce plant stand
To see if rhizobium can improve pod
yield, particularly in rice fallows
To determine if foliar diseases are a 
constraint
To determine if insect pests are a 
problem
To determine if micro-nutrient defi-
ciency reduces yield
To observe the effect of plant popula-
tion on pod yield
To determine role of gypsum in pod
fi l l ing and pod yield
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Table 2. Farmer-identified constraints to groundnut production in Tay Ninh and Long An Provinces, southern
Vietnam;
Constraints Tay Ninh
Ranking
1
Long An Overall priority
Socioeconomic
Lack of cash for input
Lack of irrigation water
High cost of input
Input not available
Unstable/ low prices
Spurious pesticides
Abiotic
Lack of coconut ash
Lack of farm machinery
Quality of canal water
Biotic
Weeds
Leaf eaters (Helicoverpa and Spodoptera) 
Damping off disease
Lack of high yielding-variety
Yellow leaf disease (?)
2
1
-
-
.1
-
3
2
-
2
3
2
3
1
3
3
2
1
1
1
2
2
2
2
3
2
3
2
High
Medium
Low
Low
Low
Low
High
Medium
Low
Medium
High
Medium
High
Low
1. Ranking based on yield loss and temporal and spatial occurrence of the constraints: 1 = low; 2 = medium; 3 = high
importance.
On-farm Research
The on- farm research in each project country fo l -
lowed a farmer-part icipatory approach. Extension
staff and scientists discussed indiv idual diagnostic ex-
periments w i th the farmers and explained the ratio-
nale behind the selection of each factor. They then
ensured farmer input into t r ia l design and manage-
ment. The farmers agreed to implement and manage
the individual tr ials. Research scientists' input was to
monitor the progress of trials and provide t imely ad-
vice and suggestions on the operations to be under-
taken.
On-station Research
Whenever the identif ied product ion constraints were
complex and needed control led experimentation, ex-
periments were proposed to ascertain their efficacy
pr ior to testing by farmers. For example, these back-
up research plans included: identif ication of suitable
pre- or post-emergence herbicides, determination of
opt imum levels for need-based fert i l izers in different
soils, op t imum plant populations in different areas,
and opt imum irr igat ion schedules. In some cases, the
long-term back-up research included varietal devel-
opment and identification of suitable varieties for di f-
ferent locations/situations.
Results
Since the A G L O R Project is sti l l new, few results are
available. However, some results f rom trials in Viet-
nam are given here as examples.
In the rh izobium inoculation t r ia l , plants in the
inoculated plots gave 14% more pod y ie ld than plants
f rom nontreated plots. Seed treatment wi th fungicides
gave 18-30% increases in y ie ld over nontreated con-
trols. One fungicidal spray reduced damage by leaf
spots, result ing in a 2 2 % increase in pod y ie ld . S im-
i lar ly, application of l ime (400 kg ha-1) gave y ie ld
increases of 11-23%.
These results indicate the advantage of each single
factor and underline the usefulness of such exper i -
ments in assessing the importance of each factor. It is
hoped that further testing at other locations next sea-
son w i l l conf i rm the results. The data w i l l then consti-
tute an important component of a 'basket of tech-
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no logy op t i ons ' , and farmers w i l l be able to choose
one or more opt ions, depending on their resources
and requirements.
Feedback from the Field
Bacter ia l w i l t was not an impor tant groundnut disease
in southern V i e t n a m . However , du r i ng a m o n i t o r i n g
tour in January 1992, i t was observed that several
I C R I S A T l ines in the Internat ional Groundnut V a r i -
etal T r ia l s were showing h igh mor ta l i t y due to bacte-
r ia l w i l t (caused by Pseudomonas solanacearum). 
Subsequent v is i ts to farmers ' f ields to conduct a d is -
ease survey con f i rmed the presence of bacter ial w i l t
on in t roduced variet ies in most areas, wh i l e local
landraces appeared resistant to w i l t . The research
program was therefore mod i f i ed to inc lude screening
and breed ing for resistance to bacter ial w i l t . Future
var ietal in t roduct ions into V ie tnam must have resis-
tance to this disease.
As a result of this feedback f r om fa rmers ' f ie lds,
seed of the Vietnamese landrace Ly was sent to I ndo -
nesia (where a sick plot was avai lable) for screening
against bacter ial w i l t .
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Discussion
Freire: There are two ma in on - f a rm adapt ive re-
search methods: the f irst where the message is we l l
tested and we l l k n o w n , and the second where the
testing is conducted straight away in farmers* f ields.
Each has advantages and disadvantages. However ,
what happened in V ie tnam w i t h the bacter ia l w i l t
p rob lem can be a major setback causing distrust of
the packages under test.
Nigam: Ag reed , each approach has bo th advantages
and disadvantages. Bu t when the research is pa r t i c i -
patory in nature ( i n this case, for example , fa rmers
and scientists wo rked together to ident i fy constraints
and assign pr io r i t ies) , i t also becomes a learn ing p r o -
cess. There was no c la im made that suggested treat-
ments w i l l a lways w o r k better. The fa i lure o f i m -
proved variet ies due to bacter ial w i l t d i d not cause
any setback. On the other hand, i t revealed an add i -
t ional constraint that had not been prev ious ly ident i -
fied and gave a clear message to researchers that
groundnut variet ies w i l l need to have resistance to
bacter ial w i l t in addi t ion to h igh p o d y i e l d .
Ndunguru: In Niger , farmers sow their staple f o o d
crop, m i l le t , w i t h the f irst rains. Because m i l l e t has a 
low seed rate, farmers can w i t h h o l d enough seed to
resow the crop in the event of drought . G roundnu t ,
wh i ch has a lower p r i o r i t y than m i l l e t fo r Sahel ian
farmers , has a h igh seed rate, and is therefore sown
on ly after the rains have stabi l ized to m i n i m i z e r i sk of
c rop loss.
Nigam : W e have heard this m o r n i n g and also i n the
past that groundnut is a lways sown late by fa rmers in
the reg ion because they sow their staple food crops
f i rst . We are aware that th is pract ice is un l i ke l y to
change and acknowledge the w i sdom of the fa rmers '
p r io r i t i za t ion . W h y , then, do we cont inue to conduct
t r ia ls fo r var iet ies and cu l tura l practices that requ i re
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sowing at the onset of rains? These improved va r i -
eties and practices w i l l have no value to the farmers
w h o sow thei r groundnuts late. Shou ld we not conduct
our agronomic research and y i e l d t r ia ls under late
sowing condi t ions so that we develop something use-
fu l to o f fer these farmers? I submi t that this issue is of
c ruc ia l impor tance and that i t be discussed thorough ly
du r i ng the general discussion.
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Ongoing Production Agronomy Studies with Groundnut
at ICRISAT Center
M.M. Anders, M.V. Potdar, P. Pathak, and K.B. Laryea
1
Abstract
Results f r o m three dist inct groundnut studies are presented. I n i t i a l f ie ld surveys ind ica ted i r on
chlorosis was a s igni f icant p roduct ion constraint in many groundnut g row ing areas of I n d i a , V i l lage
studies showed improved y ie lds f r o m using i ron sprays (FeS0 4 ) a n d improved l a n d management
(broadbed a n d f u r r o w system). These results were not consistent over a l l sites tested. A second study
was in i t ia ted to quant i fy the effects of a b roadbed a n d f u r r o w l a n d management system on g r o u n d -
nut p roduc t ion on an A l f i so l . I t showed that the broadbed a n d f u r r o w system improved so i l phys ica l
propert ies but reduced groundnut y ie lds. This reduct ion was at t r ibuted to intermittent drought stress
in p lants g rown on broadbed a n d f u r r o w system. In a t h i r d study, c ropp ing systems/rotation
experiments showed that groundnut in tercropped w i t h medium durat ion pigeonpea is a very a t t rac-
t ive system. Perennial p igeonpea in tercropped w i th groundnut per fo rmed we l l the f i rs t season bu t
was too competi t ive f o r groundnut in the second season.
Resumo
Estudos ag ronomicos em curso sobre a m e n d o i m no I C R I S A T . Os resul tados apresentados sao
provenientes de tres estudos d ist in tos sobre amendo im. Um levantamento p r e l i m i n a r no c o m p o :
ind i cou que a c lorose era o nd do ext rangulamento de p roducao na m a i o r pa r te das areas de
p rodugdo de amendo im da I n d i a . Estudos no campo em diversas loca l idades mos t ra ram um
aumento de p roducao com a pu lver izagdo de sul fato de f e r r o (FeS0 4 ) e uso de p ra t i cas melhoradas
na a r m a g d d do tereno p a r a sementeira " b r o a d b e d a n d f u r r o w system*'. Estes resul tados nao f o r a m
constantes em todos os s i t los exper imentados. Um segundo estudo f o i i n i c i ado p a r a quant i f i ca r o 
efeito do emprego do sistema de " b r o a d b e d a n d f u r r o w " no cu l t ivo de amendo im em al f iso los, v i u
se que o sistema me lho rou as condigoes f isicas do solo em determento de amendo im, a reduducao
do rend imento a t r ihu iu -se a seca drdst isca que p rovocou "stess" no crescimento de amendo im no
sistmea de " b roadbed a n d f u r r o w " .O tencioso estudo sistemas de produgao ro tacao most rou que a 
consorc iagdo de amendo im com f e i j a o boer de c i c lo med io 4 o sistema mais a t rac t ivo . A consor-
c igad de f e i j d o boer perene com amendo im deu hem na p r i m e i r a campanl ia , mas f o i mu i t o
competet ivo na segunda.
Introduction level studies a imed at iden t i f y ing and quan t i f y i ng
fa rmer level p roduc t ion constraints. T h i s w o r k is done
Research was in i t ia ted in the Produc t ion A g r o n o m y in co l laborat ion w i t h Ind ia ' s nat ional p rog ram and to
U n i t of the Resource Management Program at I C R I - date has addressed issues in organic mat ter manage-
S A T Center in 1989 w i t h a focus on a series of v i l lage ment , sorghum genotype select ion, and i r on ch lo ros is
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Table 1. Yield and yield components of groundnut as influenced by foliar iron sprays at Umri (Maharashtra) and
Korvipad (Andhra Pradesh), India, postrainy season 1990/91.
Plant Dry yield (t ha-1) Harvest
Iron stand ------------------------------------------------------------------ index
sources (0000 ha-1) Pod Fodder Biomass (%)
FeS04
Fe-EDTA
Control
SE
FeS04
Fe-EDTA
Control
SE
* P <0.05%.
** P <0.01%.
193.5
172.0
161.5
± 4.7**
195.1
177.9
167.6
± 5.5**
1.73
1.28
1.19
0.08**
0.77
0.59
0.57
0.03**
Umri
Korvipad
1.72
1.47
1.19
0.08*
1.26
1.06
1.05
0.08**
3.45
2.75
2.60
0.04**
2.03
1.65
1.62
0.10**
49.56
44.57
42.56
±1.40**
38.66
35.37
34.62
±1.09*
• Severe i ron chlorosis symptoms were evident as
ear ly as the seedl ing stage, and the intensity of
chlorosis var ied considerably w i t h i n and between
sites. Th ree out of four sites showed severe i ron
chlorosis symptoms.
• B B F was ef fect ive in reduc ing the inc idence o f i ron
chloros is at one site.
• A l l genotypes tested were h i g h l y susceptible to i ron
chlorosis and y ie lded s im i l a r l y .
• Fo l ia r sprays w i t h 0 . 5 % F e S 0 4 were more ef fec-
t ive than F e - E D T A in co r rec t i ng i ron ch loros is
symptoms.
• I ron chloros is can reduce p o d y i e l d up to 4 6 % and
reduce fodder y i e l d up to 2 2 % .
To extrapolate these results to other areas, we w i l l
be conduc t ing intensive surveys on fa rmers ' percep-
t ions and management o f i ron ch loros is in groundnut .
The survey results w i l l be integrated in to a Geo-
graphic I n fo rma t i on System (G IS ) to extrapolate the
results to other S A T areas. We w i l l cont inue these
studies focus ing m a i n l y on deve lop ing management
strategies to m i n i m i z e y i e l d losses f r o m i ron
ch loros is .
Land Surface Management
D u r i n g the 1970s, I C R I S A T concentrated on deve lop-
ing a Ver t iso l technology package w h i c h inc luded the
B B F land f o r m as an integral component . Recent v i l -
lage w o r k has indicated that fa rmers are adop t ing th is
land f o r m in g roundnu t -g row ing areas w h i c h have
A l f i so l and/or Ver t iso l so i l types. The adopt ion o f th is
land management strategy has generated some c o n -
ce rn , par t icu lar ly w i t h A l f i s o l so i l types where B B F
may increase soi l eros ion ( I C R I S A T 1981).
To address this concern , a co l laborat ive study be -
tween the Soi l Physics and Product ion A g r o n o m y
Uni ts o f I C R I S A T ' s Resource Management Program
( R M P ) was init iated in the 1990 rainy season. An A l -
f iso l site ( f ine- loamy, m ixed , isohyperthermic U d i c
Rhodustal f) was used w i t h two land fo rms ( B B F vs
flat) and five repl ications. Broadbeds (1.5 m w id t h )
were fo rmed w i t h bu l lock-drawn equipment after the
onset of rains. Groundnut genotype ICGS-11 was sown
into 30-cm rows w i t h f ive rows on each bed. A preplant
banded fer t i l izer appl icat ion of 18 kg N and 46 kg P 
ha - 1 was g iven to a l l plots. So i l physical and plant
g rowth measurements were col lected du r i ng plant
g rowth .
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Source: After Potdar and Anders 1991.
So i l penetrat ion resistance was lower i n the B B F
treatment than in the f lat t reatment th roughout the
g r o w i n g season ( F i g . 2 A ) . D i f fe rences in so i l o x y g e n
content were s ign i f icant f o r the f i r s t 60 days f o l l o w i n g
B B F fo rma t i on , but decreased w i t h increas ing bed
age (F i g .2B ) . However , o x y g e n content was h igher in
B B F fo r a l l t reatments. So i l bu l k densi ty increased
w i t h increas ing t ime after t i l lage (F ig .2C) w i t h s ign i f -
icant ly h igher values fo r the f lat land t reatment at a l l
measurements. A l l so i l phys ica l data suggest that
g roundnut p roduc t i on shou ld increase i n the B B F
treatment because c rus t ing , w h i c h results in poor peg
penetrat ion, is a ma jo r constraint to g roundnut p ro -
duc t ion in these soi ls .
Cont ra ry to this assumpt ion, there were no s ign i f i -
cant d i f ferences between land f o r m treatments for
Popula- Fresh
Treat- tion pod
ment (ha-1) (t ha-1)
Flat
BBF
146 500 2.41
140 916 2.04
NS P<0.05
Fresh Dry Dry
fodder pod fodder
(tha-1) (tha-1) ( tha - 1)
2.62
2.28
P<0.05
1.28
1.12
NS
1.08
0.98
P<0.05
Days after bed formation
Figure 2. Soil penetration resistance (A), oxygen
content (B) and bulk density (C) in the 0-5 cm soil
layer for BBF and flat land forms.
plant popu la t ion o r d r y p o d we igh t (Table 2) . Fresh
p o d and fodder and d r y fodder weights were s ign i f i -
cant ly (P < 0.05) h igher in the f lat land t reatment. To
better understand how these d i f ferences occu r red , we
looked at ra in fa l l and plant g row th indicators. T h i s
c rop rece ived approx imate ly 250 mm ra in fa l l bet-
ween sow ing and f lower ing . However , most o f this
ra in fa l l occu r red between 20 and 30 days after sow-
ing ( D A S ) .
Plant g r o w t h measurements taken at 31 D A S i n d i -
cated a s ign i f icant ly h igher leaf area in the f lat treat-
ment and a cor respond ing ly nonsigni f icant h igher
f resh and d r y leaf we ight (F ig .3) . Speci f ic leaf mass
was h igher in the B B F treatment at 31 D A S , indicat-
i ng possible drought stress. By 77 D A S , leaf area and
leaf f resh and d r y masses were h igher in the f la t land
treatment. These results indicate that p lant g r o w t h
was not improved by us ing the B B F land treatment,
even though some of the soi l phys ica l measurements
indicated this shou ld not be the case. We conclude
that the ef f ic iency o f B B F in g roundnut g r o w t h and
development depends very much on ra in fa l l d i s t r i bu -
t ion . Pro longed droughts in the ra iny season has a 
pronounced ef fect on c rop g r o w t h as the micropores
in the beds lose water qu icker than the mic ropores of
the f la t land . Probab ly supplementary i r r i ga t i on dur-
ing such p ro longed droughts w o u l d e l iminate this
p rob lem o n B B F .
W h i l e B B F improves soi l phys ica l proper t ies, i t
also results in faster soi l d r y i n g , thus increasing the
probab i l i t y o f in termi t tent drought stress d u r i n g plant
g r o w t h . In ou r study groundnut was unable to c o m -
pensate for this stress. Ou r prev ious w o r k also i n d i -
cated that eros ion m a y increase i f a B B F land f o r m is
used on an A l f i s o l ( ICR1SAT 1981). One M S c student
in the Soi l Physics U n i t is con t i nu ing this research.
C r o p Rotations and Intercropping
In 1989 , a c r o p p i n g systems s tudy was i n i t i a t e d a t
V e r t i s o l and A l f i s o l sites a t I C R I S A T Center . Even
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Table 2. Effects of land form on fresh and dry groundnut
pods and fodder yields.
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Days after sow ing Days after sow ing
Figure 3. Groundnut leaf area (A), leaf fresh mass (B), specific leaf mass (C) and leaf dry mass (D) for BBF
and flat land treatments.
t h o u g h th i s s tudy was t e r m e d a p igeonpea in ter -
c r o p p i n g s tudy , g r o u n d n u t p l a y e d a m a j o r ro le in
m a n y c r o p p i n g systems (Tab le 3 ) . F r o m a to ta l o f
20 c r o p p i n g systems eva lua ted , 9 ( i n c l u d i n g 5 ro ta -
t i ons ) con ta i ned a g r o u n d n u t componen t . Fou r r e p -
l i ca t ions w e r e used w i t h a l l r o t a t i o n componen ts
i n c l u d e d each year. G r o u n d n u t r e c e i v e d a p rep lan t
app l i ca t i o n of 18 kg N and 20 kg P ha - 1 . R o w spac-
ings in so le and i n t e r c r o p p e d g r o u n d n u t systems
were 3 0 c m w i t h eve ry 5 th r o w u t i l i z e d fo r the
c o m p a n i o n c r o p i n i n t e r c r o p p i n g t rea tments . D u r -
i n g the f i r s t year o f p r o d u c t i o n , pe renn ia l p i g e o n -
pea genotypes we re no t t h i n n e d and w e r e kep t a t a 
p o p u l a t i o n o f 3 5 0 0 0 p lants ha - 1 .
At the end of the f i rs t season, alternate p igeonpea
rows were removed and plants th inned w i t h i n rows ,
resu l t ing in a populat ion of 8000 plants ha - 1 . A l l sow-
ings were made the same day f o l l o w i n g the onset of
rains. Improved groundnut genotype ICGS-11 was
used in a l l sowings. Plant g row th and y i e l d data were
col lected each year.
Ra in fa l l var ied considerably d u r i n g the 3 years of
exper imentat ion (F ig .4) . I t is un l i ke ly that there was
any drought stress in 1989, as total ra in fa l l was ap-
prox imate ly 4 0 0 mm more than the 15-year mean .
W h i l e ra in fa l l was above norma l in 1990, d is t r ibu t ion
was poor and many crops suf fered f r o m intermi t tent
drought stress. Tota l ra in fa l l in 1991 was s im i l a r to
115
Table 3. Cropping systems and rotations containing a groundnut component on Alfisol sites at ICRISAT Center.
Year 1 (1989) Year 2 (1990) Year 3 (1991)
PPPVGroundnut, PPP 1/Castor
PPP-/Groundnut, PPP2/Castor
MDPP 3/Groundnut, Castor
MDPP 3/Castor, Groundnut
Groundnut
PPPVCastor, PPPVGroundnut
PPPVCastor. PPP 2/Groundnut
Castor, MDPP 3/Groundnut
Groundnut, MDPPVCastor
Groundnut
Groundnut, Castor
-
MDPP3/Groundnut, Castor
MDPPVCastor, Groundnut
Groundnut
1. Perennial pigconpea 8094 intercropped with groundnut ICGS 11.
2. Perennial pigeonpea 8860 intercropped with groundnut ICGS I I .
3. Medium-duration pigconpea ICP 1-6 intercropped with groundnut ICGS I I .
Table 4. Dry grain yield (t ha*
1
) and standard error of the mean (SEM) for rotation treatments with groundnut
components. AH groundnut crops are boldfaced.
System
PPPVGroundnut,
PPP/Castor
PPP2/Groundnut,
PPP/Castor
MDPP3/Groundnut,
Castor
MDPPVCastor,
Groundnut
Groundnut
1989
0,38 (0.04V0.72 (0.05)
0.34 (0.06) / 0.34 (0.04)
0.37 (0.04) /0.72 (0.05)
0.40 (0.05V0.37 (0.06)
0.48 (0.06V0.69 (0.07)
0.04 (0.09)
0.28 (0.05)/0.23 (0.03)
0.70 (0.08)
0.70 (0.06)
1990
0.96 (0.15) /0.40 (0.10)
1.19 (0.I3) /0.28(0.03)
0.97 (0.11) /0.44(0.07)
1.00 (0.09) /0.42(0.04)
1.72 (0.12)
1.02 (0.09)/0.33 (0.04)
0.49 (0.04)
0.53 (0.08) /1.01 (0.09)
0.58 (0.36)
1991
0.92 (0.05)
1.02 (0.07)
0.59 (0.04)/0.81 (0.05)
0.93 (0.07)
0.82 (0.07V0.69 (0.04)
1.11 (0.06)
1.05 (0.08)
1. Perennial pigconpea 8094.
2. Perennial pigconpea 8860.
3. Medium-duration pigconpea ICP 1-6.
Figure 4. Total rainfall received at ICRISAT Center
in 1989,1990, and 1991.
1990, but w i t h better seasonal d is t r ibu t ion . Our pre-
v ious f indings in the land form study indicated that
drought stress was common in 1990, as al l sowings
were made on a B B F land form.
G r o u n d n u t y i e l ds in 1989 (Tab le 4 ) were gener-
a l l y l o w because o f late s o w i n g w i t h no s ign i f i can t
d i f f e rences between c r o p p i n g systems. F r o m these
data and o ther I C R I S A T studies ( O d o n g o e t a l .
1992, W i l l e y e t a l . 1987) , we c o n c l u d e d that
g r o u n d n u t / p i g e o n p e a i n t e r c r o p p i n g systems are
m o r e e f f i c ien t i n resource u t i l i z a t i o n than sole
c r o p p i n g e i the r species.
Increased efficiency in intercropping systems can re-
sult f rom temporal and/or spatial complementarity.
Pigeonpea/groundnut systems using annual pigeonpea
are excellent examples of temporal complementarity.
Pigeonpea plants develop s lowly, wh i le groundnut de-
velops much quicker. On a per plant basis, pigeonpea
achieves a simi lar leaf area to groundnut at approx-
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4 0 0
2 0 0
0
0 100 2 0 0 3 0 0 4 0 0
J u l i a n d a y
Figure 5. Groundnut and pigeonpea leaf area devel-
opment from emergence to 50% flower.
imately 9 days f o l l o w i n g groundnut f l owe r i ng , thus
m i n i m i z i n g interplant compet i t ion (F ig .5) .
In this study perennial p igeonpea types were used
on the assumpt ion that in subsequent years there
w o u l d be reduced establ ishment costs for p igeonpea
and better u t i l i za t ion of off-season ra in fa l l , resu l t ing
in addi t iona l benefits f r om d r y season fodder and
fuel w o o d produc t ion . By 1990, groundnut y ie lds were
lowest in the in terc ropp ing treatment using perennia l
p igeonpea genotype 8094 , a spreading type, and h i g h -
est for genotype 8860 , an upr igh t perennia l type.
The med ium-dura t ion t rad i t ional genotype I C P 1-6 is
intermediate to these perennia l types. U n l i k e the p re -
v ious season, a l l in tercropped groundnut y ie lds were
lower than in sole c ropp ing systems. Highest y ie lds
were f r o m sole crops w i t h cont inuous groundnut p ro -
duc ing the highest y i e l d (0.58 t ha - 1 ) . D u r i n g this
season, i t was observed that al l in tercropped g round-
nut competed for water w i t h the p igeonpea. Th is was
most ev ident w i t h the perennia l p igeonpea genotypes.
Our data indicate that in the second season, peren-
n ia l p igeonpea canopy development in ratooned
plants was more rap id than f r o m seed plants, thereby
reduc ing temporal complementar i t y and subsequent
groundnut y i e l d . By the f l owe r i ng stage, perennia l
p igeonpea achieved leaf areas o f 1 1 0 0 0 c m 2 p lant - 1 ,
i l lus t ra t ing the increased compet i t i on f o l l o w i n g
groundnut f lowering. By 1990, plant mor ta l i t y was a 
p rob lem in perennia l p igeonpea systems and i t was
fel t that g roundnut was not subjected to compet i t i on
commensurate w i t h that g iven by a fu l l perennia l
p igeonpea stand. Reduced groundnut y ie lds in the
1. Pigeonpea (8094)/ High = 1.16 + 1.44 = 2.57
groundnut Low = 0.68 + 0.87 = 1.55
2. Pigeonpea (8860)/
groundnut
3. Pigeonpea(ICP 1-6)/
groundnut
High = 0 . 8 2 + 1.20 = 2.03
Low =0 .52 + 0.88 = 1.41
High =0 .66 + 1.18 = 1.84
Low =0 .42 + 0.81 = 1.23
second year of a p igeonpea/groundnut in tercrop were
observed in other studies (Odongo et a l . 1991). Reduc-
t ions in groundnut y ie lds in the med ium-du ra t i on
pigeonpea/groundnut intercrop treatment were a t t r i b -
uted to be low g round compet i t ion .
By 1991, p lant mor ta l i t y in perennia l p igeonpea
was so severe that a l l plants were destroyed w i t h sub-
st i tut ions made in appropr iate treatments (Table 4 ) .
Total ra in fa l l in 1991 was s im i la r to 1990, but d i s t r i b u -
t ion was more favorable for groundnut g r o w t h . Y i e l d s
were highest in sole crops and lowest in the m e d i u m -
durat ion groundnut intercrop. Groundnut y ie lds r e -
mained constant or increased over a l l t reatments over
t ime. Th i s suggests that none of the c ropp ing systems
are detr imenta l to product ion stabi l i ty . We w i l l c o n -
t inue this study for one addi t ional season, after w h i c h
p romis ing rotat ions w i l l be incorporated in to ou r
long- te rm rotat ion studies.
Agronomis ts are cont inua l ly searching fo r ways to
compare in tercropp ing systems. C o m m o n ind icators
are land equivalent rat io ( L E R ) , area t ime equ iva -
lency rat io ( A T E R ) , and area harvests equ iva lency
rat io ( A H E R ) . L E R values for p igeonpea g roundnu t
in tercropping systems in 1989 ranged f r o m 1.90 fo r
perennia l p igeonpea 8094 to 1.69 fo r perenn ia l
p igeonpea 8860 (Table 5 ) . W h i l e these values appear
attract ive, i t must be remembered that they represent
a rat io between four var iab le values.
I f we select standard er ror of the mean as a value
for var iance and recalculate us ing the best case sce-
nar io (e.g. , m a x i m u m in tercropp ing y i e l d and m i n i -
m u m sole c rop y ie ld ) there is a d ispropor t ionate sh i f t
upward in a l l L E R values and a l l in te rc ropp ing sys-
tems are ex t remely attract ive (Table 5) .
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1.
2.
3.
Pigeonpea (8094)/groundnut
Pigeonpea (8860)/groundnut
Pigeonpea (ICP l-6)/groundnut
= 0.88 + 
- 0.66 + 
= 0.53 + 
1.02=
1.03 -
0.98 = 
1.90
1.69
1.51
Table 5. Land equivalent ratio (LER) values for pigeon-
pea/groundnut Intercropping in a pigeonpea-based crop-
ping systems study at ICRISAT Center, 1989,
Mean values
High and low values using S E M as range
8 0 0 0
7 0 0 0
6 0 0 0
.5000
4 0 0 0
3 0 0 0
2 0 0 0
1 0 0 0
0
0 5 0 100 1 5 0 2 0 0
D a y s a f ter s o w i n g
G r o u n d n u t
P i g e o n p e a
I f we use the wors t case scenario and select l o w
in te rc ropp ing values and h igh sole y ie lds , there is a 
s im i la r d r o p i n L E R values. These lower values w i l l
be achieved by some fa rmers i f they adopt these sys-
tems and i t is ex t reme ly impor tan t to keep these l o w
values in m i n d when assessing advantages in inter-
c ropp ing . In our Produc t ion A g r o n o m y U n i t we are
s t r i v i ng to develop new techniques w h i c h w i l l better
represent c ropp ing systems p roduc t ion over t ime .
In this study a ma jor considerat ion has been om i t -
ted: the nemato logy component . A l l plots are sampled
for nematodes p r i o r to s o w i n g , d u r i n g plant g r o w t h ,
and at the end of each season. F r o m these samples we
are able to f o l l o w cross-host ing patterns o f those
nematodes k n o w n to cont r ibute to y i e l d reduct ions in
the crops we study. T h i s w o r k w i l l lead us to a better
unders tanding of rotat ional effects on pest and disease
constraints.
Summary
In the v i l lage studies we found that us ing survey and
diagnost ic plots together was the most ef f ic ient and
accurate way to e l i c i t f a r m e r s ' management pract ices
and perce ived p roduc t ion constraints; and then to
quant i f y the extent of these constraints.
In the case o f i ron ch loros is in g roundnut , we
found that fa rmers were app l y i ng h igh amounts o f
n i t rogen fe r t i l i zer and that they associated this p r o b -
lem w i t h the in t roduc t ion o f i r r i ga t i on . Th i s a l l owed
us to focus our researcher-managed v i l lage p lo t treat-
ments on water and fe r t i l i ze r management. Recogn iz -
i ng that possib le solut ions to this p rob lem were i ron
sprays and improved genotypes, these treatments
were added to our studies. W h e n we rea l ized that
some improved groundnut genotypes are not i ron-e f f i -
c ient , ou r c rop improvement p rogram in i t ia ted breed-
ing w o r k in th is area. We have also been able to make
extension workers aware o f the effects o f h i gh n i t ro -
gen fer t i l i zer appl icat ions and poor water manage-
ment On th is p rob lem.
W o r k w i t h l and f o r m s w o u l d have impac t , pa r t i c -
u la r l y w i t h respect t o resource poo r f a rmers , whose
technolog ies are necessar i ly independent o f sub-
stant ia l mone ta ry inpu t . We k n o w that by us ing a 
B B F l and f o r m o n a n A l f i s o l so i l type m a y resu l t i n
increased e ros ion and that p lan t g r o w t h m a y not be
i m p r o v e d under ra i n fed cond i t i ons . F r o m these r e -
sul ts we are better ab le to s t ruc ture our fu tu re r e -
search focus and adv ise o thers on c r o p p roduc t i on
strategies.
We understand that c ropp ing systems/rotat ions
w o r k is essential for an insti tute l i ke I C R I S A T , w h i c h
seeks to deve lop new technologies needed to f i t in to
ex is t ing c ropp ing and f a r m i n g systems. We also rec-
ognize that this type o f w o r k requires long- te rm
studies i n v o l v i n g var ious d isc ip l ines. We are able to
conduct this type of strategic research at I C R I S A T
Center and hope i t w i l l p rov ide guidance to our par t -
ners in the nat ional programs of the semi -a r id tropics
to conduct their o w n research. We are therefore anx-
ious to establ ish l inks w i t h as many nat ional research
systems as possible.
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Discussion
Schmidt: Was the soi l very a lka l ine where y o u o b -
served severe Fe chlorosis? H o w do you exp la in the
di f ference in ef f ic iency between Fe E T D A (not ef fec-
t ive) and F e S 0 4 (ef fect ive)?
Anders: So i l a lka l in i t y was observed i n Pakistan. We
suspect that our spray concentrat ion of Fe E T D A was
not suf f ic ient ly h i gh . Because ch lo rophy l l levels i n -
creased in plants sprayed w i t h F e S 0 4 , we are satisfied
that we are get t ing an Fe effect and not an S effect.
Freire: 1. W h a t are the reasons for the poor cond i t ion
o f the f la t soi l fo rms compared w i t h the B B F fo rm? Is
the soi l cond i t i on not l i nked to p l o w i n g depth , soi l
t u rn ing , etc.? 2 . Because B B F requires more soi l d is-
turbance, is i t not more prone to crust fo rmat ion?
Anders: 1. The flat t reatment received a shal low
p l o w i n g . 2 . N o , on ly i f the arg i l l i c (c lay) layer is
brought to the surface.
Ndunguru: A t I C R I S A T Sahel ian Center, we c o m -
pared t ied r idge , f lat, and raised bed f o rms , but we d i d
not observe any s igni f icant d i f ferences. Our statist i-
c ian believes that the spl i t p lo t des ign, w i t h a few
degrees of f reedom, may have been responsible for
your nonsigni f icance in the BBF- f l a t compar ison .
Anders: Th i s may be true in the Fe chlorosis study,
but i t was not the case w i t h the land f o r m study that I 
repor ted. We also have suppor t ing evidence f r o m
other studies.
Nigam: 1. Was there any d i f ference in days to emer-
gence between B B F and f la t l and fo rms? 2 , Was l l ie re
any d i f ference in temperature in the p o d d i n g zone
under these two systems? 3. Were the fu r rows in the
B B F system la id a long the contour?
Anders: 1. N o . 2 . W e d i d not measure temperature. 3,
N o .
Olorunju: Y o u ta lked about s t ructured surveys and
rap id rura l appraisal . C o u l d y o u expound on the
latter?
Anders: W e use rap id rura l appraisal i n ou r p r e l i m i -
nary w o r k to get a general idea of h o w to st ructure
our subsequent fo rma l surveys. Once f o r m a l surveys
are complete, we select specif ic concepts or manage-
ment practices and test them across a range of c o n d i -
t ions in a very structured rap id ru ra l appraisal
approach.
Nigam: D o n ' t y o u th ink answers tend to be a r t i f i c ia l
in a structured survey?
Anders: N o t i f they are done on an i nd i v idua l basis.
We have found biased answers when us ing g r o u p i n -
terv iews and there is a senior farmer.
Bosch: I agree w i t h the idea that mo re v i l lage- leve l
diagnostic w o r k should be done. By de f in i t i on , th is
w o r k has to be done by the nat ional programs since i t
is si te-specif ic. I wonder what the reg iona l p rog rams
and I C R I S A T can do to support this k i n d o f w o r k ,
Schmidt: O u r reg ional project w i l l soon inc lude o n l y
two senior scientists-a breeder and a pa tho log i s t -and
they w i l l be f u l l y absorbed by their tasks. We have to
leave fa rm and v i l lage studies to the nat ional p r o -
grams. In order to obta in a "complete p i c t u re " , such
studies should include al l crops in a c ropp ing system.
The pr ice o f maize relat ive to that o f g roundnut , fo r
example, determines how much is g r o w n . Soc io -
economic considerat ions have an impor tant in f luence
on overal l p roduc t i v i t y . Breeders and pathologists
should concentrate on their crops, w h i l e agronomists
and economists should consider al l crops g r o w n in an
area.
McDonald: M o s t N A R S s have systems fo r ge t t ing
researchers, extension worke rs , and fa rmers to come
together to discuss prob lems. H o w m u c h feedback is
obta ined f r o m farmers? C o u l d discussion on f a r m e r s '
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percept ions o f constraints be encouraged more?
C o u l d the i r react ions to " s u r v e y s " be examined?
Nkwanyana: V i l l age- leve l studies are impor tan t . B e -
fore S A D C C projects were started, N A R S s were re-
qu i r ed to survey the i r c rop si tuat ions th rough v is i ts to
farmers* f ie lds and in terv iews w i t h fa rmers . These
survey results were consol idated in a document w h i c h
f o r m e d the basis o f S A D C C ' s c rop improvement p ro -
g r a m . However , we n o w need to go back and inter-
v i e w the fa rmers again to record the i r evo l v i ng
percept ions o f the p rob lems and thei r preferences for
cer ta in crops. T h e ear l ier surveys were not exhaust ive
and poss ib ly not suf f ic ient ly representat ive.
Ndunguru: A good deal o f i n fo rma t i on has been ob -
ta ined f r o m var ious surveys and on - f a rm exper imen-
ta t ion. Examples are the U S A I D , I D R C , and Bean
and Cowpea C R S P w o r k i n Tanzania; Bean and C o w -
pea C R S P and Un ive rs i t y o f I l l i no i s w o r k i n Z a m b i a ;
and the reg iona l w o r k o f Bunda Co l lege o f A g r i c u l -
ture a n d C I M M Y T . Perhaps we need to d i g out th is
i n fo rma t ion and digest i t before we in i t ia te yet more
surveys.
Freire: One o f the m a i n questions is the ident i f icat ion
of the target groups to receive the benefits of the
research/extension system. A study in the so-cal led
" g r e e n b e l t z o n e " o f M a p u t o observed that the poorest
households were those headed by w o m e n w i thou t
men but of ten w i t h ch i l d ren . A t the same t i m e , these
households were among the most conservat ive
amongst fa rmers . T h e quest ion is : shal l we target our
w o r k at the poorest or shal l we focus on more p ro -
gressive groups w i t h h igher impact on nat ional
product ion?
Anders; T h e quest ion o f w h i c h g roup w i l l benefi t
most f r o m a g i ven system w i l l a lways be argued.
However , th is does not negate the need to conduct this
research.
Williams: I w o u l d l i ke to suggest that surveys be
undertaken w i t h care. They are expensive and in
some cases are used to replace the obv ious conc lu -
sions a r r i ved at by c o m m o n sense and observat ion.
Because I C R I S A T deals w i t h many prob lems at the
reg iona l leve l , i t is f requent ly necessary to deal w i t h
them as general i t ies. Nat iona l programs have a re la-
t ive advantage at the local leve l .
Chiteka: I t has been suggested that some t r ia ls be
sown late ( i .e. , at the t ime that fa rmers are sow ing) .
De layed sow ing invar iab ly reduces the amount o f
mois ture avai lable to the c rop, temperatures are re -
duced, and there is more disease. Is there i n fo rma t ion
avai lable f r o m I C R I S A T concern ing genotype per for -
mance under stress cond i t ions such as reduced tem-
peratures, h i gh disease rate, or reduced hours of
sunshine?
Nigam: A l t h o u g h date o f sow ing studies have been
conducted in the past, the m a i n ob ject ive was to f ind
out the op t ima l sow ing t ime for a g iven locat ion. In
the southern A f r i c a n context , where fa rmers are
l i ke l y to cont inue to sow groundnut late, we need to
ident i fy var iet ies that do not interact w i t h sow ing
dates. Such variet ies w i l l necessari ly be of re la t ive ly
short durat ion. They may not be the h ighest -y ie ld ing
variet ies avai lable, but they w i l l y i e l d more than the
variet ies cur ren t ly g r o w n under late-sown cond i t ions .
One set of advanced breed ing t r ia ls should be sown
under late-sown condi t ions to ident i fy such var iet ies.
1 2 0
Effect of Plant Density and Sowing Pattern on the
Yield of a Groundnut / Maize Intercrop
J.M. Eliseu
1
 and M.J. Freire
2
Abstract
Groundnu t / maize in te rc ropp ing is common throughout Mozambique, p a r t i c u l a r l y in the south.
A i m i n g a t h igher y ie lds f o r subsistence f a r m e r s , researchers conducted experiments on p lan t den-
sity, sowing pat terns, a n d sole versus in te rc ropp ing systems. There was no s igni f icant di f ference in
groundnut y i e l d or y i e l d components when the c rop was sown ei ther in rows or in a zigzag pa t te rn .
However, maize y i e l d was s ign i f icant ly increased. Both groundnut a n d maize y i e l d increased w i t h
increas ing p lan t density. A l though sowing a l ternate rows o f groundnut a n d maize reduced g r o u n d -
nut y i e l d , maize y i e l d was comparatively unchanged f r o m sole c rop y ie lds. Increas ing g roundnut
density a n d reduc ing that o f maize resul ted in an increase in groundnut y i e l d (h igher than that o f
the sole c rop) a n d a reduct ion in maize y i e l d . L a n d equivalent ra t io was la rger than 1.00 in a l l
in te rc ropp ing treatments, r ang ing f r o m 1.20 to 1.99.
Resumo
Efe i t o da densidade de p lan tas e metodo de sementei ra na p r o d u c a o de a m e n d o i m e m i l h o em
consorc iacao. A consorc iaqao de amendo im e m i l ho e uma p ra t i ca comum em Mocamb ique
par t i cu la rmente no sul. Com in tu i to de elevar a p roduqao da ag r i cu l tu ra de subsistencia de
componeses, invest igadores fizeram ensaios sobre a densidade, metodos de sementeira, e cu l tu ra
pu ra cont ra s i sterna consorc iado. Nao houve diferenqas signi f icat ivas no rendimento do amendo im
ou nos componentes quando o campo ter s ido semeado quer em l inhas quer em zig-zag. Porem o 
rend imento do m i l h o aumentou signi f icat ivamente. Ambas cul turas m i l ho e amendo im o sen rend i -
mento. aumenton com o aumentou da densidade de plantas. Contudo a a l ternat iva sementeira em
l inhas reduz iu o rendimento de amendo im. O rendimento de m i l ho nao mudou comparat ivamente
ao m i l h o puro . Aumentando a densidade de amendo im e reduzindo do m i l ho resul ta num a l t o
aumento do rendimento do amendo im que a cu l tu ra pu ra e reduqao no rendimento de m i l h o . O 
" l a n d equivalent ra t i o ( L E R ) " f o i mais que I em todos os tratamentos consorc iados, ox i l ando de
1.20 a 1.99.
Introduction vast ma jo r i t y ( 9 9 % o f the cropped area o f g roundnu t
and 9 6 % that o f maize) o f these crops is p roduced by
In Mozamb ique , groundnut and maize are very i m - subsistence farmers using t radi t ional management
portant crops, cu l t iva ted throughout the count ry under technologies (Bokde 1980, M I A M 1971), Y i e l d s are
var ious c ropp ing systems and env i ronmenta l cond i - qui te l ow , not surpassing 0.7 t ha - 1 for ma ize and 0.5 t 
t ions (Nunes 1985, Ma l i t hano 1980). However , the ha - 1 for groundnut ( M O A 1977, Ma l i t hano 1980),
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A c c o r d i n g to B o k d e (1980) and Ma l i t hano and
van Leeuwen (1980), these l o w y ie lds are due to inad-
equate c ropp ing systems, sow ing methods, p lant den-
sit ies, and plant pro tec t ion.
A c c o r d i n g t o Mozamb ique ' s M i n i s t r y o f A g r i c u l -
ture ( M O A ) , a t least 3 0 % of the area sown to maize is
in tercropped w i t h g roundnut and other crops ( M O A
1977), In most cases crops are sown w i thou t a par t ic-
u lar r ow arrangement.
A i m i n g a t h igher y ie lds and more ef f ic ient c rop-
p i n g systems, research was conducted to ident i fy the
best c ropp ing system in terms of y i e l d and land use
ef f ic iency.
Material and Methods
T h e exper iment was conducted in southern M o z a m b i -
que at the U m b e l u z i Research Stat ion on a m e d i u m
tex tured so i l under ra in fed cond i t ions . Ra in fa l l d u r i n g
the g r o w i n g season was w e l l d is t r ibu ted , to ta l l i ng 342
m m . The exper imenta l des ign was a randomized
b lock des ign w i t h fou r rep l icat ions and 12 treatments
(Table 1). T h e groundnut var ie ty used was Beb iano
Branco, w h i c h matures in 90-100 days, w h i l e for
maize Ma tuba (100-120 days) was used. Bo th ge-
notypes are present ly recommended for c ropp ing un -
der ra in fed cond i t ions in southern Mozamb ique .
Results and Discussion
As seen in Table 2, the plant densi ty at harvest was
consistent ly less in a l l c ropp ing patterns except the
am3 treatment. Reduct ion in maize plant density was
due to the incidence of stem borer. The l o w plant
stand in groundnut c rop at harvest was due to lack of
germina t ion as we l l as pest and disease incidence
d u r i n g the g r o w i n g season.
Groundnut had a tendency to produce fewer pods
per plant w i t h h igher plant densi ty when g r o w n under
sole c ropp ing . S o w i n g pattern had no effect on the
number o f pods per p lant .
I r respect ive of the plant densi ty or the sow ing pat-
tern, sole groundnut y ie ld was constant. W h e n inter-
c ropped w i t h maize , groundnut showed no y i e l d
response to sow ing pat tern, but y ie ld increased w i t h
the increase in groundnut plant densi ty in the inter-
c ropp ing system. Treatments A A M 1 and A A A M 1
produced h igher y ie lds than ei ther the sole c rop or the
intercrops w i t h h igh maize and low groundnut densi ty
(am3, A M I , A M 3 ) .
Number of cobs per plant and maize y ie ld were
large ly inf luenced by sow ing pat tern, w i t h z igzag
sowings p roduc ing far more than row sow ing , in both
sole c ropp ing and in tercropp ing reg imes. Reduced
maize densi ty and increased groundnut densi ty re-
sulted in h igher groundnut y i e l d and lower maize
y i e l d . The h igher intercropped y ie lds were obta ined
am3 3 1 
A M 3 3 1 
AM1
A A M 1
A A A M 1
m3
m1
M3
M1
A i
a 1 1 -
a l / 2 2
1 1 
1 1 
1 1 
3
1
3
1
1
1
1
90x90
90x30
135x30
180x30
90x90
90x30
-
—
90x10
90x10
45x10
45x10
-
-
45x10
-
zigzag
1:1
1:1
1:2
1:3
zigzag
zigzag
-
-
zigzag
zigzag
Inter
Inter
Inter
Inter
Inter
Sole
Sole
Sole
Sole
Sole
Sole
Sole
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Table 1. Treatment description.
No. seeds hi l l -1 Spacing (cm) Row arrangement
Cropping
Treatment Maize Groundnut Maize Groundnut (Maizc:groundnut) system
1. Same plant density as Ah
2. Half the plant density of A1.
am3 3.7 11.1 2.8 8.5 11.5 0.40
AM3
AM1
A A M 1
A A A M 1
m3
m1
M3
M l
A1
a l 1
a l /2 2
CV (%)
SE
3.7
3.7
2.5
1.9
3.7
3.7
3.7
3.7
-
-
-
11.1
11.1
14.8
16.7
-
-
-
-
22.2
22.2
11.1
2.2
2.1
1.9
1.4
3.7
2.7
2.6
2.0
-
-
-
22.2
±0.2
5.2
3.5
7.8
9.5
-
-
-
-
11.3
12.4
5.3
20.6
±0.9
13.5
11.0
15.4
17.6
-
-
-
-
14.8
14.4
25.6
28.3
±2.2
0.49
0.42
1.29
1.48
-
-
-
-
0.90
0.87
0.83
27.3
±0.12
0.45 5.4 2.13
0.55
0.47
1.43
1.64
-
-
-
-
1.00
0.97
0.92
1.8
2.2
1.5
1.0
4.2
2.7
1.6
2.0
-
-
-
47.3
±0.6
1.25
1.85
1.18
0.77
2.18
2.15
1.41
1.75
-
-
-
31.6
±0.29
0.98
0.62
0.85
0.54
0.35
1.00
0.98
0.65
0.80
-
-
-
1.43
1.20
1.32
1.97
1.99
1.00
0.98
0.65
0.80
1.00
0.97
0.92
using z igzag sow ing and by sow ing alternate rows of
groundnut and maize.
In al l cases, intercropping groundnut w i th maize
showed a higher land-use eff iciency w i th land equiva-
lent ratios (LERs) ranging f rom 1.20 to 1.99, w i th L E R
increasing w i t h each groundnut increment (Table 2).
G iven that these results were obta ined in a s ingle
year and that an overal l analysis of s imi la r t r ia ls has
yet to be done, we can draw the f o l l o w i n g p re l im ina ry
conclusions.
1. In good ra in fa l l years, groundnut /maize inter-
crops produce h igher y ie lds and L E R s .
2. Unless such factors as weed ing , i r r i ga t i on , or ero-
s ion dictate o therw ise , there is no need to sow in
rows because maize tends to y ie ld better w i t h a 
z igzag pattern.
3. W h e n in te rc ropp ing , it is better to increase the
groundnut con t r i bu t i on , thus increasing its plant
densi ty and reduc ing that of the maize.
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Table 2. Yield and yield components of groundnut and maize grown as sole crops and intercrops.
Plant density m-2
Groundnut Maize
Expected At harvest -----------------------------------
Treat- ----------------------- ------------------------- No. pods Pod yield No. cobs Grain yield Total
ment Maize Gnut Maize Gnut plant-1 (t ha-1) LER plant-1 (t ha-1) LER LER
1. Same plant density as A1.
2. Half the plant density of A1.
Discussion
Chiteka: W o u l d y o u exp la in w h y the y ie lds f r om the
z igzag s o w i n g were h igher than the r o w sowing?
Freire: W e s t i l l do not understand i t f u l l y , but i t may
be related to more ef f ic ient po l l i na t ion among other
factors.
Williams: I bel ieve that the nondestruct ive mode l ap-
proach descr ibed in our paper can p rov ide a better
understanding of the causes. I t w i l l separate the ef-
fects in to those associated w i t h the source and those
associated w i t h s ink effects.
Nyirenda: Wha t is the explanat ion for the increased
number o f pods plant-1 w i t h increase in plant densi ty?
Freire: In sole c ropp ing , the number pods plant-1
increased w i t h the reduct ion o f p lant densi ty . In inter-
c ropp ing , the opposi te happened. We assume this to
be related to the reduct ion in ma ize densi ty and the
reduced temperature caused by shading,
Ndunguru: The size o f the plots may have in f luenced
your resul ts. H o w large were they, par t i cu la r l y con -
s ider ing z igzag sowing?
Freire: I do not have the exact figures, but p lo t size
was the same in a l l p lots. We gave the f ie ld worke rs
the exact quant i ty of seed requ i red fo r the p lo t .
Busolo-Bulafo: I can see f r o m you r results that the
she l l ing percentage (35 .7%) is qu i te l ow . Is this nor-
ma l w i t h groundnuts i n Mozamb ique?
Freire: Yes, the values are qui te l ow. N o r m a l f igures
range between 50 and 6 0 % .
Kefi: You r th i rd conc lus ion suggests an increase o f
groundnut popu la t ion and reduct ion o f maize popu la -
t ion . W o u l d the l o w maize popu la t ion resul t in l o w
yie lds? A n d w h i c h o f the t w o crops i s the more i m -
portant in the f a r m i n g system? In Central Prov ince,
Z a m b i a , any technology tending to lower maize y i e l d
is un l i ke l y to be adopted.
Freire: Reduc ing the popu la t ion o f maize (the ma in
crop) w i l l reduce maize y i e l d , but w i l l also a l l ow
groundnut y i e l d to increase. There are three other
considerat ions. F i rs t , the marke t p r ice of g roundnut is
about fou r t imes h igher than that o f maize. Second,
farmers (especia l ly those l i v i n g near c i t ies) tend to be
more market -or iented and therefore recognize the
value o f groundnut . T h i r d , southern Mozamb ique has
suf fered f r o m frequent d rought d u r i n g the last few
years and farmers know that groundnut is more to ler-
ant of d rought stress than maize , wh i ch is d i f f i cu l t to
g row in th is reg ion .
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Combined Intercropping and Crop Rotation Trials
at Chitedze Agricultural Research Station
G. Schmidt
1
Abstract
In a t r i a l to assess the comparat ive advantage of in te rc ropp ing versus sole c ropp ing us ing maize
a n d f o u r g roundnut cu l t ivars , maize y ie lds increased when in tercropped w i t h groundnut . G roundnu t
y ie lds were depressed by in te rc ropp ing , but there was a d i f fe rent ia l response of cu l t i vars to c rop -
p i n g systems. In te rc ropp ing was not advantageous compared w i t h sole cu l t i va t ion o f the par tners . In
the subsequent season, maize y ie lds on the same plots were s l ight ly h igher after sole g roundnut t i tan
after maize/groundnut in te rc ropp ing , but in genera l p reced ing crops h a d l i t t le inf luence on subse-
quent maize, even w i thou t f e r t i l i ze r app l i ca t ion .
Resumo
Consorciaqdo combinada e ensaio de rotaqao de culturas na Estacao de investigacao agronomica
de Chitedze, 1989-90, No ensaio pa ra de terminar a vantagem comparat iva da consorc iacao versus
cu l tu ra pura usando m i l ho e quat ro variedades de amendo im, a p roducao do m i l ho aumentou
quando consorc iado com amendo im. A producado de amendo im f o i reduzida pe la consorc iaqdo mas
houve respostas nas diferentes variedades ao sistema de p roducao . A consorc iacao nao f o i vanta-
j o s a comparando com a cu l tu ra pu ra dos pareceiros. Na subsequente estacao a p roducao de m i l h o
nos mesmos talhoes f o i l igei ramente a l i a depois de amendo im pu ro que depos de consorc iaqdo
mi l ho lamendo im , mas em gera l cu l turas procedentes t iveram pouca inf luencia no m i l h o subse-
quente, mesmo sem ap l i cacao de fer t i l i zantes.
Introduction
On smal l -scale farms in M a l a w i and other S A D C C
countr ies, cereal monocu l tu re is prevalent and pro-
duc t i v i t y is l ow In some areas, cereals are inter-
c ropped w i t h g roundnut or other legumes, in others
sole cu l t i va t ion predominates. Increased incorpora-
t ion of legumes into c ropp ing systems may lead to
increased cereal p roduc t i v i t y and thus contr ibute to
sustainable land use.
A c c o r d i n g to results in West A f r i c a , rotat ion of
legumes and cereals may increase p roduc t i v i t y to a 
considerable extent. An exp loratory exper iment was
therefore ini t iated at Chi tedze Ag r i cu l t u ra l Research
Station in 1989/90 to assess the effect of in te rc ropp ing
maize w i t h var ious groundnut cu l t i vars on the p r o -
duc t i v i t y of the in tercropping par tners , and to assess
the residual effects p roduc t i v i t y the subsequent
season.
Materials and Methods
The exper iment was conducted on a da rk brown
loamy soi l w i t h a preced ing c rop of ma ize . T h e ex-
per imenta l area was treated w i t h s ingle superphos-
1. Former Team Leader and Principal Groundnut Agronomist, SADCC/ICRISAT Groundnut Project, P.O. Box 1096, Lilongwe. Malawi.
Present address: Im Altdorf, D-3302 Cremlingen, Germany.
ICRISAT Conference Paper no. CP 816.
Schmidt, G.,1992. Combined intercropping and crop rotation trials at Chitedze agricultural research station. Pages 125-1281in Proceedings of the
Fifth Regional Groundnut Workshop for Southern Africa, 9-12 Mar 1992. Lilongwe, Malawi (Nageswara Rao, R.C., and Subrahmanyam, P.,
eds.). Patancheru, A.P. 502 324, India: International Crops Research Institute for the Semi-Arid Tropics.
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phatc p lus c o m p o u n d fe r t i l i ze r at a cumula t i ve rate
( k g ha-1) o f 16.0 N, 62 .0 P, and 8.3 K. In add i t i on , 50
kg ha -1 N as urea was app l ied as a topdress ing to
maize .
The exper iment was sown on 15 December 1989;
topdress ing f o l l owed about 5 weeks later. Spanish-
type genotypes were harvested 105 days after s o w i n g
w i t h maize and v i rg in ia - t ype after 131 days. P l o w i n g
was done on 29 June. A maize c rop used for test ing
residual fe r t i l i t y effects was sown on 10 December
1990 and harvested after 134 days,
A randomized b l o c k design w i t h 6 repl icat ions
was used. T h e maize cu l t i va r was R 2 0 1 . Each p lo t
consisted o f s ix rows w i t h 60 cm between rows.
W i t h i n rows , maize spacing was 30 cm (55 556 plants
ha-1), V i rg in ia genotype spacing was 15 cm (111 111
plants ha - 1) , and Spanish cu l t i va r spac ing was 12 cm
(166 667 plants ha - 1 ) . W h e n in tercropped w i t h Vir-
g in ia genotypes, every other maize plant was replaced
by 2 groundnut plants. W h e n in tercropped w i t h Span-
ish genotypes, by 3.
Results and Discussion
In the 1989/90 season, ma ize had a da rk green co lor ,
ind ica t ing a cont inuous ly h igh n i t rogen supply to the
plants even after f lowering. Because of the excel lent
nut r ien t status of ma ize d u r i n g this f i rst season, and
tak ing in to cons iderat ion the h i g h phosphorus app l i -
cat ion to the 1989/90 c rop , no fe r t i l i ze r was appl ied to
the 1990/91 c rop . M a i z e stands were regular and the
plants g rew v igo rous ly on a l l p lots. D u r i n g the who le
season, ma ize appeared to have been w e l l supp l ied
w i t h nutr ients, in par t icu lar n i t rogen, and the var ious
preced ing crops had l i t t le ef fect on g r o w t h , leaf co lor ,
o r c o b f o rma t i on .
Maize yields in 1990
M a i z e g r o w n as a sole c rop had very h i g h g ra in y ie lds
(Table 1). In te rc ropp ing w i t h groundnut by rep lac ing
every second maize plant by t w o Vi rg in ia or three
Spanish groundnut plants resul ted in an increase of
3 0 % in maize y i e l d p lant - 1 In te rc ropp ing was thus
advantageous to ma ize , as ha l f o f the number of
ma ize plants averaged 6 5 % o f sole c rop y ie lds. No
di f ferences between groundnut genotypes w i t h regard
to the p roduc t i v i t y of in tercropped maize was
observed.
Groundnut yields and overall results
of intercropping
The h igh p roduc t i v i t y o f maize in maize/groundnut
in terc ropp ing plots was achieved at the expense of the
in te rc ropp ing par tner (Table 2) . Groundnut p roduc-
t i v i t y was depressed 6 5 - 7 7 % , compared w i t h sole
cu l t i va t ion , in w h i c h the average land equivalent rat io
( L E R ) was 0.27.
The overa l l result (maize L E R + groundnut L E R :
0.90-0.97) d i d not indicate any advantage of inter-
c ropp ing compared w i t h sole cu l t i va t ion o f the two
Cultivars
M: R201 (density
55 556 plants ha 1 )
M / G : I C G M 42,
M/G: Chitembana,
M/G: Malimba,
M/G: iCGV-SM 85038
SE-
Mean
CV (%) 
Total yield
G/M 1
2
2
3
3
(t ha-1)
10.6
7.3
6.9
6.8
6.6
±0.25
7.6
8.0
LER
1.00
0.69
0.65
0.64
0.62
Net yield
allocated to M2
(t ha-*)
10.6
14.6
13.7
13.7
13.3
±0.48
13.2
8.8
Yield (%)
100
138
129
129
125
126
1. G/M = no. of G plants replacing every other M plant.
2. Yields of identical numbers of maize plants in all treatments (i.e., yield on intercropping plots multiplied by 2).
Table 1. Sole crop maize (M) yields, yields of maize intercropped with two Virginia and two Spanish type groundnut (G)
genotypes, and maize LER, Chitedze, Malawi, 1989/90.
Table 2. Productivity of Virginia and Spanish groundnut (G) genotypes in sole crop and in intercropping with maize
(M), groundnut LER, and total LER, Chitedze, Malawi, 1989/90,
Cropping
system
Sole
crop
Inter-
cropping
Varietal
means
SE
CV (%)
G sole crop
genotype
(plants ha-1 or G/M1)
ICGMS 42 (111 000)
Chitembana (111 000)
Malimba (166 667)
lCGV-SM 85038
(166 667)
Mean
ICGMS 42 (2G plants)
Chitembana (2 G plants)
Malimba (3 G plants)
ICGV-SM 85038
(3 G plants)
Mean
ICGMS 42
Chitembana
Malimba
ICGV-SM 85038
Mean
Cropping systems
Varieties
Interaction
Total yield
(t ha-1)
2.26
1.40
1.00
1.43
1.52
0.52
0.35
0.26
0.50
0.41
1.39
0.88
0.63
0.96
0.96
±0.043
±0.061
±0.086
22
LER
1.00
1.00
1.00
1.00
1.00
0.23
0.25
0.26
0.35
0.27
-
Net yield
allocated to G2
(t ha-1)
2.26
1.40
1.00
1.43
1.52
1.04
0.70
0.52
0.99
0.81
1.65
1.05
0.76
1.21
1.17
±0.051
±0.072
±0.103
21
G yield
100
100
100
100
100
46
50
52
69
53
-
LER
(M+G)
1.00
1,00
1.00
1.00
L00
0.92
0.90
0.90
0.97
0.92
-
1. G/M = no. of G plants replacing every other M plant.
2. Yield on intercropping plots multiplied by 2.
partners. Groundnut genotypes d i f fe red considerably
in p roduc t i v i t y . In the case of sole cu l t i va t ion ,
I C G M S 42 was h igh l y super ior to Chi tembana, M a l -
imba, or I C G V - S M 85038. However , in the case of
in te rc ropp ing , I C G M S 4 2 and I C G V - S M 85038
proved to be equal ly product ive. Th is is an interest ing
case of interact ion between genotypes and c ropp ing
systems. However , even under in tercropping cond i -
t ions, I C G M S 42 proved to be a good genotype.
Maize test crop yields in 1991
Maize y ie lds were very h igh in 1991, even though
fer t i l i zer was not app l ied. Th is resul t is at t r ibuted to
the excel lent soi l nutr ient status, and maize produc-
t i v i t y was hard ly affected by p reced ing crops (Table
3) . O n l y a factor ia l evaluat ion indicated a s l igh t ly
more favorable res idual ef fect on the subsequent
maize c rop in the case of sole groundnut compared
w i t h maize/groundnut in tercropping.
Table 3. Influence of preceding sole crop of maize (M), sole
crop of groundnut (G), and maize / groundnut intercropping
on maize productivity, Chitedze, Malawi, 1990/91.
No. of G Seed yield
Treatments in 1989/90 plants in 1990 / 91
(1 M and 4 G cultivars) (ha-1) (t ha-1)
Preceding sole crops (M at 55 556 plants ha-1)
M R201
Gl ICGMS 42 111 111
G2 Chitembana 111 111
G3 Malimba 166 667
G4 ICGV-SM 85038 166 667
Mean G1-G4, result after sole G 
10.2
11.1
11.3
10.8
10.3
10.9
1 2 7 
M + G l 55 556
M
M
M
+ G2
+ G3
+ G4
55 556
83 333
83 333
10.0
10.3
10.2
10.4
Mean G-G4, result after intercropped G 
SE (all treatments)
CV (%)
Mean all treatments
SE (sole crop vs intercrop)
SE (cultivars)
SE (interaction)
±0.357
11.4
10,5
±0.187
±0.264
±0.373
10.2
Preceding intercrops (M at 27 778 plants ha -1)
Conclusion
T h e results c o n f i r m ear l ier f ind ings that ma ize y ie lds
are increased at the expense of g roundnut in ma ize /
g roundnut in te rc ropp ing systems. T h i s in te rc ropp ing
comb ina t i on is therefore ra re ly advantageous. In con -
trast to results ob ta ined on poore r soi ls (Schmid t and
F rey 1990) , favorable res idual effects o f p reced ing
groundnut on ma ize m a y be m i n i m a l i f the soi l i s r i ch
in nutr ients. Such exper iments shou ld pre ferab ly be
conducted on fa rmers ' f i e lds , and not on exper iment
stations w i t h st rong nut r ient accumula t ion in the so i l .
Reference
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Discussion
Ndunguru: 1. A t the I C R I S A T Sahel ian Center
( ISC) , we have found that l ines that p e r f o r m we l l in
m o n o c r o p p i n g also p e r f o r m we l l i n in te rc ropp ing . We
therefore feel no need fo r i n i t i t a t i ng a separate b reed-
ing p rog ram fo r in te rc ropp ing si tuat ions. 2 . In tercrop-
p i n g and c rop rotat ion are substitutes and c rop
rota t ion be ing an advanced stage. T h e p rob lem arises
because as l ong as the hoe remains the m a i n f a r m i n g
t o o l , c rop rotat ion becomes unfeasible. Perhaps rota-
t ion / in te rc ropp ing t r ia ls shou ld be l i nked to equ ip -
ment. 3. For the i n fo rmat ion of the part ic ipants at this
workshop , we started a complex rotat ion t r ia l at ISC
that addresses in te rc ropp ing , rotat ions, and m ix tu res ,
and their impl icat ions fo r susta inabi l i ty .
Schmidt: T h a n k y o u for shar ing this i n fo rma t ion
w i t h us. I w o u l d l i ke to add that other in te rc ropp ing
combinat ions such as root c rops/groundnut or g round -
nut /p igeonpea are more l i ke l y to g ive benef ic ial re -
sults than maize/groundnut .
Olorunju: Because farmers are restr ic ted in terms o f
land and have l i t t le choice of the crops they g r o w ,
they end up p rac t i c ing what amounts to monocu l tu re
w i t h i n an in te rc ropp ing system. H o w can our research
more accurately ref lect the fa rmer ' s actual si tuat ion?
Schmidt: We t r y to compare fa rmers ' pract ices w i t h
var ious al ternat ives and recommend the most p rom is -
ing ones.
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Appendices
Recommendations
The workshop part ic ipants expressed their appreciat ion for G T Z ' s f inanc ia l support for the S A D C C / I C R I S A T
Groundnu t Project and for the Pro ject 's cont r ibut ions to groundnut research in the reg ion . T h e fo l lowing
recommendat ions were unan imous ly approved by the representatives of the nat ional programs.
1. The c rop improvement component of the Project , together w i t h the seed mu l t i p l i ca t ion component , shou ld
cont inue to receive a very h igh p r i o r i t y . At the same t ime, the Project shou ld assist and strengthen the
agronomic research capabi l i t ies of the N A R S s in the reg ion . I t should conduct research on l y on ag ronomic /
c rop management areas w i t h reg ional s igni f icance.
2. A g r o n o m i c research on fer t i l i zer requi rements, op t ima l plant popu la t ion , improved c ropp ing systems, etc.,
shou ld be conducted by the N A R S s for the specif ic g roundnu t -g row ing areas w i t h i n each coun t ry . T h e Project
shou ld arrange to supply methodologies for economic analysis of agronomic exper iments. I t shou ld also
supply in fo rmat ion on newer ways to design exper iments and to interpret data. A l l agronomic exper iments
shou ld record observat ions on pests and diseases.
3. The w o r k on ac id soi l prob lems in Zamb ia was commended by the part ic ipants. I t was recommended that th is
w o r k shou ld be expanded to N a m i b i a and to other countr ies w i t h s imi lar prob lems. In t ime, this w o r k c o u l d
be l i nked to ongo ing research in West A f r i c a and As ia .
4. The drought research w o r k in Botswana was applauded by the part ic ipants. I t was recommended that the
Botswana p rog ram, in co l laborat ion w i t h I C R I S A T , should cont inue to develop drought- to lerant genotypes
wh i l e other N A R S s engage in agronomic research on ways to m in im i ze the ha rmfu l effects of d rought .
5 . The pro ject w i l l assemble l i terature and in fo rmat ion on d r y i n g methods, postharvest hand l i ng , and sma l l -
scale equipment for cu l t i va t ion and crop processing, and make them avai lable to the regional N A R S s ,
6. The N A R S s and their extension agencies w i l l be responsible for the transfer of new technology. T h e Project
cou ld assist these efforts whenever possible and appropr iate.
7. The ex is t ing arrangement where the Project provides comput ing services for breeding tr ia ls of the N A R S s
shou ld be extended to cover agronomic t r ia ls . I C R I S A T w i l l keep N A R S s in fo rmed of the t ra in ing courses at
its var ious locat ions.
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Field Visits
Chitala Agricultural Research Station
L.R. M tuana , Of f i cer - in -Charge o f the Stat ion, we l -
comed the part ic ipants and gave a b r ie f in t roduct ion
to the stat ion's fac i l i t ies and act iv i t ies. Ch i ta la is lo-
cated 660 m above mean sea level . The mean annual
m a x i m u m temperature is about 3 0 o C ; the m i n i m u m
16*C. Ch i ta la receives a mean annual ra in fa l l of about
900 mm d u r i n g the ra iny season (January to March ) .
However , on ly 350 mm fel l d u r i n g the current rainy
season, resu l t ing in a very d r y year-
Part ic ipants were shown two groundnut exper i -
ments at the stat ion.
Foliar disease nursery
P. Subrahmanyam showed the part ic ipants a w ide
range of fo l ia r disease-resistant mater ia l be ing
screened for late leaf spot and rust diseases in the
internat ional nursery. A nursery in Swaz i land is con-
duc t ing s imi la r t r ia ls . In fector row technique is used
to raise the i nocu lum load and disease incidence. A l -
though i nocu lum of rust and late leaf spot was suf f i -
c ient, the disease intensity was very l ow due to d r y
weather. The c rop , w h i c h was at p o d f i l l i n g phase dur-
ing the v is i t , was c lear ly su f fe r ing f r o m drought
stress. S igni f icant d i f ferences were apparent among
genotypes for both late leaf spot and rust.
Apa r t f r o m fo l ia r diseases, we also noted p o d
borer damage. Juveni le and immature pods had been
bored through the shell to the seed. We were to ld that
the damage had been caused by the pineapple mea ly
bug , a suck ing pest.
Cultivar screening trials
Part icipants were shown an exper iment by one of the
Chi ta la research scientists w h i c h compared the per-
fo rmance o f I C G M S 4 2 w i t h local cu l t i vars . A l -
though the crop was fac ing severe drought at the t ime
of v is i t , the exper iment w i l l p rov ide useful i n fo rma-
t i on on the per fo rmance I C G M S - 4 2 under severe
drought stress. A l l crops at Ch i ta la Research Station
are cu l t iva ted under ra in fed cond i t ions. I r r i ga t ion fa-
c i l i t ies are genera l ly unavai lable at a l l research sta-
t ions in M a l a w i .
Visit to Farmers' Fields
Part icipants were gu ided through f ive f a r m e r s ' f ie lds
by the local Ag r i cu l t u ra l Of f icer . Fa rmers p a r t i c i -
pated in the discussion.
1. Farmer name: Lande
Under the resett lement p ro fo rma , fa rmers are a l l o -
cated ho ld ings of 6 ha. They are t ra ined by the A g r i -
cul tura l Depar tment personnel . T h e ma jo r crops
g rown on each ho ld i ng were ma ize , co t ton , and
groundnut . The pr ice of g roundnut pods is greater
when sold to pr ivate part ies than at the Gove rnmen t
pr ice. The propor t ions o f land al located to each c rop
is not f ixed. However , the farmers are expected to
g row each of the three crops: ma ize as a f o o d c r o p ,
cotton and groundnut as cash crops.
Th is fa rmer was g r o w i n g three g roundnut v a r i -
eties: Cha l imbana, Mawanga , and M a l i m b a . The lat -
ter cu l t i var is the local var ie ty . T h e g roundnut was
sown on r idges 90 cm apart . The fu r rows were unusu-
a l ly deep (40-50 cm f r om the top o f the r i dge ) . T h e
seed-to-seed spacing was not u n i f o r m .
Mr Lande got h is seed and other inputs ( f e r t i l i ze r
and pesticides) on loan f r om the Governmen t . He has
to repay the loan after se l l ing the p roduce. T h e f e r t i l -
izer is o rd inar i l y appl ied on l y to maize . T h e c rop was
fac ing severe drought the t ime of the v is i t .
2. Farmer name: Chibwe
Four var iet ies, Cha l imbana, M a w a n g a , Ka l i se re and
M a l i m b a , were be ing g r o w n . T h e c rop was sown in
December w i t h the f i rs t rains and was c lear ly suf fer -
ing f rom drought stress. Th i s f a rmer ' s pract ice is to
leave the haulms in the f ield as feed for h is cat t le. T h e
haulms are not so ld . Farmer C h i b w e keeps his o w n
seed. Fer t i l i zer is appl ied on ly to maize . T h e s tand ing
crop of maize in so ld to ob ta in cash.
3. Farmer name: Mpangalume
Th is fa rmer was cu l t i va t ing ma ize and g roundnu t .
The groundnut c rop was a m i x t u r e o f several v a r i -
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eties. Due to inab i l i t y to ob ta in seed mate r ia l , he c o l -
lected whatever seeds he c o u l d lay his hands o n . T h e
plants were s o w n r a n d o m l y and inc luded a l l types o f
taxonomic g roups , i n c l ud i ng long-dura t ion runners .
Farmer M p a n g a l u m e ' s pract ice o f m i x i n g seed for
sow ing is not c o m m o n .
4. Farmer name: Chitanya
Farmer Ch i tanya was g r o w i n g t w o groundnut v a r i -
et ies, Cha l imbana and M a l i m b a , on r idges w i t h deep
f u r r o w s . T h e c rop was su f fe r ing f r o m drought stress.
5. Farmer name: Banda
Four crops (cassava, co t ton , ma ize , and groundnut )
were be ing g r o w n in str ips. Cassava and cot ton were
s h o w i n g remarkab le drought resistance compared
w i t h groundnut and maize . Mr Banda t o l d us that he
pract iced c rop rotat ion among the latter t w o crops.
Fer t i l i ze r was appl ied to on l y ma ize , and other crops
are g r o w n w i thou t any inputs.
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